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ABSTRACT 
Enterprise crowdsourcing transforms the way in which traditional business tasks can be 
processed by harnessing the collective intelligence and workforce of a large and often diver
sified group of people. At the present time, data and information residing within enterprise 
crowdsourcing systems and other business applications are insufficiently interlinked and are 
rarely made publicly available in an open and semantically structured manner – neither to the 
corporate intranet nor to the World Wide Web (WWW). However, the semantic annotation 
of enterprise crowdsourcing activities is a promising research and application domain. The 
Semantic Web and its related technologies, methods and principles for publishing structured 
data offer an extension of the traditional layoutoriented Web to provide more intelligent and 
complex services. 
This technical report describes the efforts toward a universal and lightweight yet powerful 
Semantic Web vocabulary for the domain of enterprise crowdsourcing. As a methodology 
for developing the vocabulary, the approach of ontology engineering is applied. To illustrate 
the purpose and to limit the scope of the ontology, several informal competency questions 
as well as functional and nonfunctional requirements are presented. The subsequent con
ceptualization of the ontology applies different sources of knowledge and considers various 
perspectives. A set of semantic entities is derived from a review of existing crowdsourcing 
applications and a review of recent crowdsourcing literature. During the domain capture, all 
partial results of the review are integrated into a consistent data dictionary and structured as 
a UML data schema. The designed ontology includes 24 classes, 22 object properties and 
30 datatype properties to describe the key aspects of a crowdsourcing model (CSM). To 
demonstrate the technical feasibility, the ontology is implemented using the Web Ontology 
Language (OWL). Finally, the ontology is evaluated by means of transforming informal to 
formal competency questions, comparing it to existing semantic vocabularies, and calculat
ing ontology metrics. Evidence is shown that the CSM ontology covers the key representa
tional needs of the enterprise crowdsourcing domain. At the end of the technical report, cur
rent limitations are illustrated and directions for future research are proposed. 
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1 INTRODUCTION 
Leveraging the knowledge and workforce of a large, undefined group of people to solve or
ganizational tasks via Webbased technologies is the central idea of enterprise crowdsourc
ing1 (Brabham, 2013; EstellésArolas & GonzálezLadróndeGuevara, 2012; Howe, 2008). In 
a traditional corporate context, these organizational tasks are performed by dedicated ex
perts, project teams, or departments, and comprise a wide range of different types of tasks 
with various complexity levels, such as collecting and categorizing data, generating ideas, 
writing content, translating documents, or solving complex problems (Hetmank, 2014a). 
Wellknown examples of technical platforms supporting enterprise crowdsourcing include 
Amazon Mechanical Turk2 and InnoCentive3. Besides these externally hosted crowdsourcing 
intermediaries, several corporatespecific, often taskcustomized solutions exist, for in
stance, IBM’s PeopleCloud, a crowdsourcing application to manage scalable virtual teams of 
knowledge workers (Lopez, Vukovic, & Laredo, 2010), or CrowdREquire, a crowdsourcing 
platform for requirements engineering (Adepetu, Ahmed, & Abd, 2012). 
Deploying enterprise crowdsourcing provides numerous advantages for a company (Table 1). 
While primarily benefiting from the reduction of personnel and equipment costs, companies 
can also externalize their risk of failure in executing a task, for example, they may transfer 
the uncertainties in finding a solution or in running an experiment to a large number of work
ers (Ye & Kankanhalli, 2013). Additional benefits often result from accessing the valuable, 
distributed, heterogeneous knowledge and skills of the crowd (Saxton, Oh, & Kishore, 2013). 
For example, companies can find workers to accomplish tasks which they are unable to 
solve themselves (Malone, Laubacher, & Dellarocas, 2010). Further, the heterogeneity of the 
crowd may lead to an improved quality or at least to an increased innovativeness of the solu
tions. Finally, a company may gain advantages according to time aspects. With enterprise 
crowdsourcing, companies are able to support a flexible workforce (Khazankin, Satzger, & 
Dustdar, 2012). It allows to efficiently utilize free, especially shortterm working capacities, 
but also to mitigate shortages of experts in certain subject areas or company locations (Kittur 
                                                
1 The term enterprise crowdsourcing is currently used inconsistently in academic literature. The nar
row understanding of the term limits the target audience to the employees of large, mostly multina
tional firms, such as IBM or SAP. In contrast, the broad understanding does not restrict the target 
audience. In this technical report, the author takes the view of the broad definition, however, stresses 
the importance of outsourcing organizational tasks to the crowd. For a more detailed discussion about 
the term enterprise crowdsourcing please refer to (Hetmank, 2014a). 
2 Amazon Mechanical Turk can be found at https://www.mturk.com/mturk/. 
3 InnoCentive can be found at https://www.innocentive.com/. 
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et al., 2013). Additionally, due to the large number and the various special skills of the 
crowd, organizational tasks are often solved in shorter time. 
Although the benefits of enterprise crowdsourcing seem to be promising, several challenges 
that companies may encounter still remain (Table 1). First, many crowdsourcing tasks do not 
get the required attention from the crowd, either because of the sheer abundance of the 
tasks at crowdsourcing platforms or simply due to inappropriate task specifications, incen
tive schemes, or evaluation mechanisms (Ye & Kankanhalli, 2013). For potential participants 
it is often difficult to identify tasks that match their interests, skills, experiences and expert 
knowledge (Schall, 2012, p. 2). Another challenge, especially in enterprise crowdsourcing 
that focuses more on complex, knowledgeintensive tasks rather than on simple tasks, is 
how to connect the large crowd of people to create an outcome that is more costeffective, 
qualitatively better, and less time consuming than the efforts of any individual or team of 
traditional workers (Lykourentzou, Vergados, Papadaki, & Naudet, 2013; Skopik, Schall, & 
Dustdar, 2012). In general, when replacing the traditional and preassigned workers of an 
organizational task with members of the crowd, organizations must ensure, on the one 
hand, that enough and appropriate workers engage in the crowdsourcing task, and, on the 
other hand, that the submitted contributions achieve a sufficient quality. 
Benefits Challenges 
• reducing personnel and equipment costs 
• externalizing the risk of failure in executing a 
task 
• accessing the valuable, distributed, hetero
geneous knowledge and skills of the crowd 
• improving the quality and increasing the in
novativeness of the solutions 
• supporting a flexible workforce 
• utilizing free, especially shortterm working 
capacities, but also mitigating shortages of 
experts in certain subject areas or company 
locations 
• solving tasks in shorter time due to the large 
number and the various special skills of the 
crowd 
• getting the required attention from the crowd 
to solve a crowdsourcing task 
• engaging the crowd to create an outcome 
that is more costeffective, qualitatively bet
ter, and less time consuming than the efforts 
of any individual or team of traditional work
ers 
Table 1: Benefits and challenges of enterprise crowdsourcing 
As a possible solution to overcome the abovementioned challenges, this technical report 
investigates the potentials of applying Semantic Web technologies in the domain of enter
prise crowdsourcing. Present Semantic Web vocabularies are designed to describe, for ex
ample, aspects of electronic commerce (GoodRelations), social network services (FOAF), or 
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online communities (SIOC)4. Unfortunately, these vocabularies fall short of representing cer
tain aspects of enterprise crowdsourcing, such as reward schemes, evaluation mechanisms, 
or human and technical requirements. Thus, to fill this gap, this report proposes the 
crowdsourcing model (CSM) ontology that is tailored to the specific needs of enterprise 
crowdsourcing. 
The remainder of the technical report is structured as follows: The next Chapter 2 explains 
the overall research objective. Chapter 3 describes ontology engineering as the underlying 
methodology that is applied to develop an ontology for enterprise crowdsourcing. After brief
ly introducing the methodology, each activity of the methodology is explained in a separate 
chapter (from Chapter 4 to 6). In Chapter 4, the purpose and scope including several informal 
competency questions, and functional and nonfunctional requirements are presented. After 
that and according to the research objective, the ontology development process is illustrated 
at a conceptual, logical, and physical level of abstraction (Chapter 5). Finally, in Chapter 6, the 
ontology is evaluated to demonstrate the general applicability of the proposed semantic enti
ties of the ontology. The report concludes with a critical reflection of the results and de
scribes several aspects of the ontology that require further discussion (Chapter 7). 
  
                                                
4 The benefits and limitations of applying these vocabularies in the crowdsourcing domain are dis
cussed in section 5.3.1. 
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2 RESEARCH OBJECTIVE 
In this chapter, the scope of the technical report is determined by defining an overall re
search objective. The objective of this work is to develop a lightweight and extensible ontol
ogy for capturing, storing, utilizing, and sharing crowdsourcing data that is grounded on Se
mantic Web technologies and Linked Data principles. In the context of the Semantic Web, 
this kind of easytouse ontologies are also referred to as semantic vocabularies or Semantic 
Web vocabularies (Grimm, Abecker, Völker, & Studer, 2011). Generally speaking, the ontolo
gy aims to improve the automation and interoperability in enterprise crowdsourcing envi
ronments. To gradually achieve this objective, the following three research goals (RG) are 
pursued: 
RG 1: The first goal is to establish a conceptual foundation that comprehensively describes 
essential aspects of enterprise crowdsourcing from various perspectives. The foun
dation should be based both on a review of existing crowdsourcing applications and 
on a review of previously published crowdsourcing literature. 
RG 2: The second goal is to derive a universal and technologyindependent data dictionary 
and schema for the domain of enterprise crowdsourcing from the results of the re
view. The data dictionary and schema should provide the basis for designing an on
tology that facilitates the structured recording of the key crowdsourcing concepts, re
lationships, and attributes in an organized and meaningful way. 
RG 3: The last goal is to evaluate the designed ontology regarding feasibility and utility. 
Therefore, the ontology should be prototypically implemented by using a schema def
inition language. Additionally, use case scenarios should be created to exemplarily 
show the applicability of the ontology. 
As depicted in the description of the research goals, the development process of the ontol
ogy should pass through all levels of abstractions: starting from the contextual and concep
tual layer (conceptual foundation), over the logical layer (data dictionary and schema), to the 
physical layer (implementation and instantiation). In the short term, the choice of a certain 
schema definition language, such as the Document Type Definition (DTD), the Extensible 
Markup Language (XML) schema definition (XSD), the Resource Description Framework 
Schema (RDFS), or the Web Ontology Language (OWL) usually depends on the company’s 
existing IT infrastructure. The same is true for languages to describe the instances of an on
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tology, such as the Terse RDF Triple Language (Turtle), the JavaScript Object Notation for 
Linked Data (JSONLD), the RDF in Attributes (RDFa), the RDF syntax for RDF (RDF/XML), 
the microformats language, or the microdata language. In the long run, however, the sus
tainability of these languages is unpredictable. Thus, these three layers provide academics 
and practitioners with the necessary flexibility for adaptation and extension on the required 
level of abstraction.  
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3 ONTOLOGY ENGINEERING 
This chapter describes the overall methodology that is applied for building the ontology for 
the domain of enterprise crowdsourcing. In the domain of computer and information sci
ence, Gruber (2009) defines an ontology as “a set of representational primitives with which 
to model a domain of knowledge or discourse” (pp. 1963–1965). The representational primi
tives of an ontology are divided into classes (concepts), relationships (object properties), and 
attributes (datatype properties). In this work, the term semantic entity is used as an auxiliary 
term to generally refer to any of the three types of representational primitives. 
Similar to a model, an ontology does not aim to represent the entire world of interest, in
stead it covers only selected aspects of the reality which are relevant to address the specific 
purpose of an ontology. Thus, finding and selecting these essential aspects is of key im
portance for the ontology development process, and hence for this technical report. The 
methodology that is applied in this research project is ontology engineering5. Ontology engi
neering provides a systematic and objective procedure for developing ontologies (Sure, 
Staab, & Studer, 2009). This procedure includes a set of activities to support the conceptual
ization, design, implementation, and deployment of ontologies (Devedzić, 2002). 
In the last decades, several different methodologies have been suggested to support ontol
ogy engineering. A comprehensive comparison between these methodologies is drawn in 
Jones, BenchCapon, and Visser (1998), GómezPérez, FernándezLópez, and Corcho (2005), 
or Casellas (2011). Each of these methodologies has its benefits and limitations. As a con
sequence, methods and procedures of various ontology engineering methodologies are em
ployed in this report. 
One method that is adopted for initiating the ontology engineering process forms part of the 
methodology by Grüninger and Fox (1995). They suggest that an essential step toward an 
ontology is to describe motivating scenarios in the form of story problems or examples that 
are not sufficiently addressed by existing ontologies. The description of scenarios is a typical 
method to understand the scope and the motivation behind the proposed ontology regarding 
its applications. To start with the ontology development and to elicit first semantic entities, 
three distinct motivating scenarios representing typical enterprise crowdsourcing activities 
have already been presented in a previous article of the author (Hetmank, 2013b). 
                                                
5 The methodology of ontology engineering is sometimes also referred as ontological engineering. 
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Another method that has proved beneficial for the ontology engineering is the identification 
of a set of informal competency questions. Grüninger and Fox (1995) but also other ontology 
developers, such as Hepp (2008), formulate competency questions in natural languages that 
should be answered by the ontology once it is expressed in a formal language. In this paper, 
an initial set of competency questions is elaborated based on the motivating scenarios (Sec
tion 4.1). Additionally, several functional and nonfunctional requirements are introduced to 
further guide the ontology development (Section 4.2 and Figure 1). 
The overall procedure for building the crowdsourcing ontology, however, is derived from a 
suggestion by Uschold and King (1995). According to them four activities must be per
formed: (A) identify the purpose and scope of the ontology, (B) develop the ontology, (C) 
evaluate the ontology, and (D) document the ontology (Figure 1). The activity of ontology 
development is further grouped into the following steps: conceptualization6, domain capture, 
integration, and implementation. The embodiment of each of the four steps is described in 
detail in Chapter 5. 
 
Figure 1: Ontology engineering process of the enterprise crowdsourcing ontology 
Although the methodology by Uschold and King (1995) has its advantages, there is one main 
weakness. It is the missing conceptualization, which starts with the development of a less 
formal domain model prior to the implementation of the ontology. Thus, another methodolo
gy that is considered for the ontology engineering is a methodology called Methontology 
that was developed by the ontology group at the Universidad Politécnica de Madrid (Gómez
Pérez et al., 2005, p. 125–142). The main contribution of this methodology is that, on the 
one hand, it offers guidance for the conceptualization of the ontology construction and, on 
the other hand, that it follows the idea of an ontology building life cycle based on evolving 
prototypes. To manage the complex undertaking of ontology development for enterprise 
crowdsourcing, both suggestions are taken into account. Besides the idea of an ontology life 
                                                
6 Note that Uschold and King (1995) did not integrate the conceptualization step in the methodology. 
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cycle and the realization of a detailed conceptualization, Methontology covers additional as
pects that are worth adopting. One suggestion is the early consideration and integration of 
existing semantic vocabularies and standards. Thus, the technical report focuses on this is
sue before implementing the ontology7. 
In this report, a threelayer design approach is proposed that moves gradually from the 
knowledge to the implementation level (Figure 1). The development of the ontology initiates 
with the construction of a conceptual foundation. Based on this, a data dictionary as well as 
a semiformal data schema is derived. The data dictionary contains a set of entities with a 
precise semantic definition. Within the data schema the entities are connected by specific 
relationships. It provides the basement for the implementation of the ontology using a 
schema definition language (Haslhofer & Klas, 2010; Rahm & Bernstein, 2001). A schema 
can be declared in various schema definition languages, such as the Extensible Markup 
(XML) schema, the RDF Vocabulary Description Language (RDFS), or the Web Ontology 
Language (OWL). In this technical report, the schema is exemplarily implemented in OWL 
by using the opensource ontology development editor Protégé8. 
This chapter presented the ontology engineering methodology used for building the ontology 
for the enterprise crowdsourcing domain. In the next chapter, the purpose and scope of the 
ontology is defined, which is the first activity of the ontology engineering process. 
  
                                                
7 Note that Uschold and King (1995) proposed this the other way around. 
8 The ontology development editor Protégé can be found at http://protege.stanford.edu/. 
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4 PURPOSE AND SCOPE 
The first activity of ontology engineering is the definition of the primary purpose, granularity, 
range of the intended users, and scope of the ontology. As stated above, the main purpose 
of the ontology is to provide a controlled vocabulary for capturing, storing, utilizing, and shar
ing crowdsourcing data. Moreover, the ontology aims to enable intelligent software agents 
acting on our behalf to reason about these data and it is mainly intended to be used in the 
Semantic Web and Linked Data context.  
Due to the fact that large and expressive ontologies require an increased demand of re
sources for reviewing and understanding the specification, and hence often lead to a lower 
adoption, the ontology should have an appropriate level of granularity. In this regard, 
Hepp (2007) notes that “in practice, useful ontologies must be small enough to have rea
sonable familiarization and commitment costs and big enough to provide substantial added 
value for using them” (p. 94). Thus, the ontology that is developed for the domain of enter
prise crowdsourcing should be lightweight and practically beneficial. 
According to the range of intended users of the ontology, two groups of users can be distin
guished: those who directly and those who indirectly benefit from the ontology. The first 
group consists of developers, implementers, and maintainers of the ontology who directly 
reuse or, where necessary, adopt the ontology for their own purposes, especially in the do
main of enterprise crowdsourcing or other related areas. The users of an enterprise 
crowdsourcing application are usually subsumed under the second group. They indirectly 
benefit from the augmented and enhanced capabilities that the ontology facilitates. For ex
ample, the requester of a crowdsourcing task gains advantage from recommending fea
tures, whereas the crowd itself profits from improved searching and browsing capabilities.  
As stated earlier, two methods are useful to define the scope of the ontology: describing 
motivating scenarios and identifying informal competency questions. Whereas three moti
vating scenarios have been presented in a previous paper, the view is now completed in this 
report by specifying the expressive and reasoning requirements of the ontology in form of 
several informal competency questions (Section 4.1). Additionally, several functional and 
nonfunctional requirements that guide the development process are introduced (Section 
4.2). 
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4.1 INFORMAL COMPETENCY QUESTIONS 
The main purpose of informal competency questions is to direct the development and to 
provide a test suite for the evaluation of the ontology (Obrst, Ceusters, Mani, Ray, & Smith, 
2007). Thus, before starting to develop the ontology, the purpose and scope of the ontology 
is sharpened by raising several informal competency questions (Uschold & Grüninger, 1996, 
p. 29). These questions are derived from the three motivating scenarios that were presented 
in an earlier paper (Hetmank, 2013b). The three scenarios encompassed: 
Scenario 1:  the evaluation of product design proposals, 
Scenario 2:  the translation of a technical specification, and 
Scenario 3:  the building of a companywide virtual library. 
The derived questions comprise not only topdown questions that consider the nature of the 
domain (e.g., CQR01, CQP01) but also bottomup questions that encompass queries to the 
instances of the ontology (e.g., CQR02, CQP02). Although the questions below are non
exhaustive and vary in their level of abstraction, they exemplarily depict possible queries to 
the ontology, and hence the expressive power of the ontology. The informal competency 
questions are differentiated between questions from the requester’s perspective and ques
tions from the participant’s perspective. 
From the requester’s perspective, the ontology may consider the following informal compe
tency questions: 
CQR01: Which task characteristics should be considered when defining a crowdsourcing 
task? 
CQR02: Given a set of task requirements, which participants are suitable to solve a 
crowdsourcing task? 
CQR03: Who has already done a crowdsourcing task with similar or identical task charac
teristics compared to the one to be issued? 
CQR04: How many crowdsourcing tasks has a certain participant already solved? 
CQR05: Which crowdsourcing tasks are issued internally to the employees or externally to 
the general public? 
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CQR06: Based on the analysis of historical crowdsourcing data, which type and amount of 
reward is appropriate for a crowdsourcing task with similar or identical task char
acteristics? 
From the perspective of a potential candidate who wants to engage in a crowdsourcing task, 
the ontology may consider the following informal competency questions: 
CQP01: Which task characteristics should be considered when choosing a crowdsourcing 
task? 
CQP02: When will the crowdsourcing task be submitted or closed? 
CQP03: Given a set of human requirements (e.g., qualifications, interests, demographic 
preferences), which crowdsourcing tasks fit best for a participant? 
CQP04: Given the preference for a certain type and amount of a reward (e.g., money, rep
utation points) as well as some industry sector constraints (e.g., a participant dis
likes to work for a military company), which crowdsourcing tasks are available? 
CQP05: Given the preference for a type of task (evaluate, create, etc.) as well as some 
time constraints (e.g., the participant wants to work on some low cognitive tasks 
from 1:00 p.m. to 3:00 p.m.), which crowdsourcing tasks are available? 
CQP06: Which crowdsourcing tasks are available for a certain technical device (e.g., mo
bile phone, smartphone, tablet computer, personal computer) or technical feature 
(e.g., GPS, camera, display resolution and size, accelerometer, gyrometer)? 
While these competency questions give a first impression of the expressiveness of the on
tology, they are more of a descriptive rather than a prescriptive nature. Thus, additionally a 
set of requirements is provided that the ontology should meet. 
4.2 REQUIREMENTS 
Similar to software system requirements, requirements for ontologies can be distinguished 
between functional and nonfunctional requirements. Whereas functional requirements state 
what services or functions the ontology should provide, nonfunctional requirements con
strain these characteristics by overall quality criteria (Sommerville, 2011, p. 84ff). This work 
focuses first on the functional requirements (Section 4.2.1) and then draws the attention to 
the nonfunctional requirements of the enterprise crowdsourcing ontology (Section 4.2.2). 
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4.2.1 Functional Requirements 
The functional requirements for the design of the enterprise crowdsourcing ontology are 
underpinned by the crowdsourcing literature. Table 2 summarizes the toplevel functional 
requirements. Each of the toplevel requirements includes a set of additional aspects that 
are discussed in the next four subsections. 
Code Toplevel 
functional 
requirement 
Description 
F01 Structured task 
specification 
A crowdsourcing ontology should facilitate an appropriate architectural 
support to define tasks. 
(Source: Chandler & Kapelner, 2013; Kittur, Chi, & Suh, 2008; Liu, Bias, 
Lease, & Kuipers, 2012; Lopez et al., 2010) 
F02 Efficient task allo
cation 
A crowdsourcing ontology should support both the user in selecting a 
task (pull method) and the system in recommending a task (push 
method) taking into account (i) the suitability of the task for a worker, (ii) 
the worker’s availability, and (iii) the worker’s motivational aspects. 
(Source: Corney et al., 2010; Cosley, Frankowski, Terveen, & Riedl, 
2007; Satzger, Psaier, Schall, & Dustdar, 2013; Schall, 2012) 
F03 Dynamic team 
building 
A crowdsourcing ontology should provide the foundation to identify 
existing working groups as well as to form new, globally distributed 
teams depending on the task requirements and based on the workers’ 
existing social networks. 
(Source: Kearns, 2012; Law & von Ahn, 2011; Vukovic, 2009) 
F04 Transaction trans
parency and quality 
control 
A crowdsourcing ontology should include semantic entities that the 
requester of a task can consult and statistically evaluate in order to 
optimize the crowdsourcing activity. 
(Source: Dai, Mausam, & Weld, 2010; Kittur, Khamkar, André, & Kraut, 
2012; Kulkarni, Can, & Hartmann, 2012; Liu et al., 2012) 
Table 2: Functional requirements of the enterprise crowdsourcing ontology 
4.2.1.1 Structured Task Specification (F-01) 
The quality of the contributions of the crowd is highly dependent on the quality and detail of 
the task design. In order to receive useful contributions from the crowd and to reduce un
necessary spam, crowdsourcing tasks must be carefully designed (Liu et al., 2012). Kittur, 
Chi, and Suh (2008) suggest that requesters should not only issue verifiable crowdsourcing 
tasks but also explicitly indicate that the contributions of the crowd will be examined. They 
also note that special care must be taken in the design of subjective or qualitative tasks. Be
sides issuing verifiable tasks, Chandler and Kapelner (2013) found out that issuing meaning
ful tasks plays an important role to produce more and better results. Moreover, it has the 
positive side effect that the members of the crowd require less compensation for their ef
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forts. In a nutshell, to improve the overall quality, Lopez, Vukovic, and Laredo argue for 
providing structured task specifications and note that crowdsourcing tasks must be integrat
ed into the corresponding business processes (Lopez et al., 2010). Thus, the first toplevel 
requirement is: 
F01: A crowdsourcing ontology should facilitate an appropriate architectural support to de
fine tasks. 
This requirement includes five aspects. The crowdsourcing ontology should provide seman
tic entities for:  
• creating detailed task descriptions (F01.a), 
• declaring effective incentive schemes (F01.b), 
• formalizing evaluation mechanisms (F01.c), 
• recording human and technical requirements (F01.d and F01.e), and 
• managing contributions and controlling their outcome (F01.f). 
4.2.1.2 Efficient Task Allocation (F-02) 
Proposing crowdsourcing tasks to suitable and trustworthy workers at the right time, and in 
the right way, is key for increasing the efficiency and quality of the contributions, and hence 
the success of a crowdsourcing initiative (Nielsen, 2011). An efficient task allocation is par
ticularly important for crowdsourcing tasks that demand a special talent (Corney et al., 2010). 
There exist manifold algorithms to distribute tasks based on communities, context or skills 
(Satzger et al., 2013). To benefit from these algorithms, crowdsourcing systems require an 
intelligent task routing mechanism that is based on an elaborate specification of task re
quirements and detailed user profiles (Cosley et al., 2007). Moreover, current crowdsourcing 
platforms offer limited search and navigation support in helping the crowd to identify rele
vant tasks corresponding to their interests, skills, and knowledge (Schall, 2012, pp. 2, 14). 
Consequently, the second toplevel requirement is: 
F02: A crowdsourcing ontology should support both the user in selecting a task (pull meth
od) and the system in recommending a task (push method) taking into account (i) the suita
bility of the task for a worker, (ii) the worker’s availability, and (iii) the worker’s motivational 
aspects. 
Technical Report  Purpose and Scope 
   14
This requirement is further divided into three aspects. The crowdsourcing ontology should 
provide semantic entities for: 
• publishing user descriptions (F02.a), 
• proclaiming suitability including interests, skills, experience, and expert knowledge 
(F02.b), and 
• indicating availability comprising both time and location properties, such as the vacation 
time, the working schedule, the free working capacities, and the place of work (F02.c). 
4.2.1.3 Dynamic Team Building (F-03) 
The formation of goaldirected relationships between the participants of a crowdsourcing 
system with either similar or diverse crossfunctional skills, knowledge, or experiences is 
often a prerequisite to solve large and complex tasks (Law & von Ahn, 2011, p. 61). Unfortu
nately, most of the existing crowdsourcing systems do not exhibit the interdependence of 
user actions that challenging collective tasks require and fall short of facilitating a flexible, 
dynamic, and proactive assembly of globally distributed teams (Kearns, 2012; Vukovic, 
2009). As a consequence, the third toplevel requirement is: 
F03: A crowdsourcing ontology should provide the foundation to identify existing working 
groups as well as to form new, globally distributed teams depending on the task require
ments and based on the workers’ existing social networks. 
Two aspects are considered for a closer examination. In order to provide more sophisticated 
recommendation features, the crowdsourcing ontology should offer mechanisms for: 
• analyzing social network relationships, such as friendships and work relationships 
(F03.a), and  
• evaluating activities within online communities, in particular social interaction and com
munication among the community members (F03.b). 
4.2.1.4 Transaction Transparency and Quality Control (F-04) 
Crowdsourcing is often a complex process, which addresses diverse participants who range 
from amateurs to experts, requires a variety of resources from the crowd, such as their cre
ativity, knowledge, or money, involves several incentive methods, and uses various 
schemes to evaluate the users and their contributions. Most crowdsourcing processes ne
cessitate a good deal of experimentation, performance evaluation, and adjustment to work 
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efficiently (Kittur et al., 2012; Liu et al., 2012). A fundamental challenge in the design of 
workflows is how to decompose a single complex crowdsourcing task into multiple smaller 
subtasks and how to combine them into one or more workflows (Kulkarni et al., 2012). The
se subtasks can be chained using either parallel, sequential, or iterative processing (Dai et 
al., 2010). Finally, all partial contributions must be efficiently aggregated to an overall contri
bution. Therefore, the last toplevelrequirement that guides the development process is: 
F04: A crowdsourcing ontology should include semantic entities that the requester of a task 
can consult and statistically evaluate in order to optimize the crowdsourcing activity. 
Deriving semantic entities that meet the first three toplevel requirements will certainly im
prove the requester’s transparency of the overall workflow. However, two aspects are addi
tionally taken into account. The ontology demands semantic entities for: 
• restricting the access to a crowdsourcing task, for example, according to a certain 
confidentiality level (F04.a), and  
• describing the characteristics of the crowdsourcing workflow (F04.b). 
4.2.2 Non-Functional Requirements 
Ontology development is a design process that is influenced by design decisions. These 
design decisions should be guided by a set of ontology design criteria. Gruber (1995) pro
poses five criteria to support the design and evaluation process of ontologies (Table 3). The
se criteria provide also a basis for the design of the enterprise crowdsourcing ontology. 
Code Design criteria Description 
D01 Clarity An ontology should effectively communicate the intended meaning 
of the defined concepts, relationships, and attributes and should be 
independent from social and computational contexts. A clear doc
umentation and shining examples may prevent the misunderstand
ing of the semantic entities. 
D02 Coherence An ontology should be logically consistent for both the formal and 
informal descriptions of the concepts, relationships, and attributes. 
D03 Extensibility An ontology should offer a conceptual foundation that allows add
ing new concepts, relationships, and attributes without revising the 
existing definitions. 
D04 Minimal encoding bias An ontology should be specified at the knowledge level without 
depending on a particular symbollevel encoding. 
D05 Minimal ontology com
mitment 
An ontology should make as few statements as possible about the 
world being modeled. 
Table 3: Design criteria according to Gruber (1995) 
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Additionally, GómezPérez (1996) suggests a set of principles to ensure that the ontology 
properly implements the functional requirements and competency questions (Table 4). Alt
hough this set of principles has some overlap with Gruber’s list of design criteria, it also ex
tends the list at some point. To assure that an ontology is wellverified, it can be checked for 
inaccuracies in its architecture (A), in its lexicon and syntax (L), and in its content (C). 
Code Verification criteria Description 
A01 Soundness An ontology should follow the principles of design of the environ
ment in which the ontology is embedded (see design criteria D01 
to D05) 
L01 Correctness The ontology and its classes and properties should be lexically and 
syntactically correct. 
C01 Consistency An ontology should not lead to contradictory conclusions from valid 
input data. 
C02 Completeness An ontology should be semantically complete and should cover all 
concepts, relationships, and attributes of the real world that are 
relevant for the purpose and scope of the ontology. 
C03 Conciseness An ontology should only gather useful and concise information. 
C04 Expandability see Extensibility (D03) 
C05 Sensitiveness An ontology should be robust to changes, for example, when in
cluding or modifying a class or property. 
Table 4: Verification criteria according to GómezPérez (1996) 
Besides the before mentioned criteria, an additional set of aspects is recommended to im
prove the acceptance and dissemination of the ontology (Table 5). These are mainly related 
to the issue of seamless data integration and exchange across diverse social software, busi
ness, and crowdsourcing applications, as well as data exchange between them. 
Crowdsourcing solutions often require the most recent data that exist in external business 
applications, such as enterprise dictionaries, knowledge repositories, or expert systems 
(Vukovic, Laredo, & Rajagopal, 2010). 
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Code Additional criteria Description 
B01 Compatibility The ontology should be compatible with existing W3C standards 
and recommendations, such as RDF and OWL. 
B02 Independence The ontology should provide an abstraction level that is independ
ent from different syntax, such as RDF/XML, RDFa, Turtle. 
B03 Human readability The ontology should not only be machinereadable but also human
readable, lightweight and simple to use (see also D01) 
B04 Availability The ontology should be widely disseminated by making it freely 
available for the general public. 
B05 Integration The ontology should improve the data integration and exchange 
between a crowdsourcing system and other ICT systems. On this 
account, the ontology should reuse existing Semantic Web vocabu
laries or standards. 
Table 5: Additional criteria for the ontology 
It is worth to remark that a proper ontology will not comply equally with all aforementioned 
criteria and that some of the criteria are even mutually contradictory, such as D05 and C02 
(cf. Vrandečić, 2009, p. 295). Therefore, these criteria must be considered with care when 
designing an ontology. 
This chapter introduced informal competency questions and defined functional as well as 
nonfunctional requirements which the ontology should comply with. The competency ques
tions and the functional requirements will later lay the foundation for evaluating the ontology 
(Section 6.1 and 6.2). Additionally, the functional requirements will be applied within the sys
tem review to examine the capabilities of current crowdsourcing systems to describe se
mantics of crowdsourcing data (Section 5.1.1). As the nonfunctional requirements are diffi
cult to measure, they are only used to guide the process of the ontology development. 
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5 ONTOLOGY DEVELOPMENT 
This chapter explains the building process of the ontology. It contains the following steps: 
conceptualization (Section 5.1), domain capture (Section 5.2), integration (Section 5.3), and 
implementation (Section 5.4). Although these steps are described successively, the building 
process follows not a rigorous linear, but an evolutionary approach. 
5.1 CONCEPTUALIZATION 
The purpose of conceptualization is to structure the domain knowledge of enterprise 
crowdsourcing. Conceptualization was only indirectly suggested by Uschold and King (1995), 
however, several researchers claimed the importance of providing a set of intermediate rep
resentations on different abstraction levels (GómezPérez, Fernández, & de Vicente, 1996). 
The conceptualization forms the basis for the domain capture (Section 5.2).  
To elicit potential candidates of semantic entities for enterprise crowdsourcing, a system 
review of 15 crowdsourcing applications is conducted (Section 5.1.1). Additionally, a review 
of current crowdsourcing literature is adopted to identify further key concepts, relations, and 
attributes (Section 5.1.2). 
5.1.1 System Review 
The overall goal of the system review is threefold. First, the review provides an impression 
of what types of semantic entities are currently utilized by existing crowdsourcing applica
tions. Second, the review shows how each of these entities addresses the functional re
quirements stated in section 4.2.1, and thus, also identifies potential gaps in meeting them. 
Finally, the review yields a set of essential elements that are covered by all systems. An 
overview of the selected platforms including the application domains, the types of tasks that 
are processed on the platform, the modes of deployment (standalone, intranet, internet), 
and the availability of an application programming interface (API) are given in Table 6. 
  
Technical Report  Ontology Development 
   19
Platform Domain Type of task Deployment API 
Amazon mTurk Microtask verify data, deduplicate data, collect data, 
train algorithm, categorize data, classify 
data, rate data, rank data, test search rele
vance, test product usability, research, 
moderate content, create content, tran
scribe audio or video, translate content 
internet YES 
Atizio Open innovation 
and cocreation 
generate ideas, evaluate ideas, implement 
ideas 
intranet, inter
net 
NO 
crowdSpring Design design logo, create website, design print 
product, find company name 
internet NO 
CrowdWorx Microtask forecast data (sales, demands, revenues, 
market share, sentiments, costs, price, de
velopment time, delivery time, etc.), evalu
ate product ideas 
standalone 
portal, intranet, 
internet 
YES 
designenlassen Design design product (logo, website, business 
card, corporate identity, banner ad, poster, 
advertisement, flyer), find company name, 
slogan, or domain name 
internet NO 
elance Job marketplace create or translate content, make design or 
multimedia product, create engineering or 
manufacturing specification, provide cus
tomer support, offer financial, marketing, 
sales, or legal services 
internet YES 
Gengo Translation translate content in multiple languages internet YES 
Innocentive Open Innovation 
and Cocreation 
do brainstorm activity, generate ideas, solve 
complex theoretical and practical problem, 
create prototype 
intranet, inter
net 
NO 
MobileWorks Microtask generate lead, categorize data, digitize doc
ument, collect feedback, label data, run 
research survey, test usability, carry out 
quality assessment 
internet YES 
oDesk Job marketplace create website, develop software, design 
information system, write and translate 
content, do administrative support, design 
multimedia product, provide customer sup
port, offer financial, marketing, sales, or 
legal services 
internet YES 
Seedmatch Crowdfunding fund startup company internet NO 
Startnext Crowdfunding fund smallsized private project internet YES 
UnserAller Open innovation 
and cocreation 
generate ideas, develop new product, con
duct survey 
internet NO 
uTest Software test
ing 
functional testing, security testing, load 
testing, localization testing, usability testing 
internet NO 
ziptask Job marketplace do general office work, develop software, 
make design or multimedia product, do re
search, create content 
internet NO 
Table 6: Overview of common crowdsourcing platforms 
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During the system review, the user frontends, and if available, the APIs of the 15 
crowdsourcing platforms are examined. All found semantic entities are clustered according 
to the functional requirements. Most of them support the task specification (F01), the task 
allocation (F02), as well as the transaction transparency and quality control (F04) (for a 
summary see Table 7; a complete overview is given in Appendix A). Although some of the 
semantic entities, such as qualification, interest, or availability, might be utilized for dynamic 
and proactive team building (F03), less support in that regard is provided by the crowdsourc
ing application itself. Data integration and exchange (B05) are largely maintained by APIs. 
Seven out of the 15 analyzed crowdsourcing platforms provide an API to get access to the 
functions and data of the platform. However, none of the studied crowdsourcing applica
tions applies existing Semantic Web vocabularies or standards, such as Dublin Core, FOAF, 
or GoodRelations, to use data from or make it available for other business applications easi
ly. 
Functional 
requirements 
Semantic entities 
Structured task 
specification 
(F01) 
• Semantic entities that are used to describe crowdsourcing projects or tasks 
are, for example, the title, the description, the goal, the task type, the visibil
ity, acceptance criteria, a set of instructions, some keywords or categories, 
and links to required external resources. 
• There are additional elements to specify time aspects of crowdsourcing 
tasks, such as the start date, the end date, the estimated duration, and the 
priority or urgency level. 
• The reward of crowdsourcing tasks is determined by the amount and type of 
payment. 
Efficient task 
allocation 
(F02) 
• A requester may narrow down the target audience of a crowdsourcing task 
according to the qualification, the interest, the number of approved tasks, the 
spoken language, the location, the reputation, and some demographic data 
(minimum age, maximum age, gender). 
• A user may search for a crowdsourcing task that covers time aspects (sub
mission time, closure time, and duration), the type and amount of reward, the 
accepted language, the location, the product or project category, the most 
recommended or supported project, the required qualification and interest. 
Transaction 
transparency and 
quality control 
(F04) 
• Selecting preferred or blocking malicious users as well as checking the ex
pertise of users with preevaluation tasks or recent crowdsourcing activities 
maintain the overall quality of the contributions. 
• The number of assignments and the completion status of a crowdsourcing 
task are used to monitor and control the crowdsourcing process. 
• The type of workflow specifies how multiple tasks of a crowdsourcing pro
ject are processed. 
Table 7: Utilization of semantic entities in crowdsourcing systems 
Technical Report  Ontology Development 
   21
The identified semantic entities during the system review form the basis for the data dic
tionary that is created in the domain capture step (Section 5.2). In the next section, a theo
retical study will complement the results of the review. 
5.1.2 Literature Review 
In this section, a preliminary set of semantic entities is derived from scientific literature. In 
favor of a holistic view on enterprise crowdsourcing, the author analyzes the literature from 
both a systemoriented perspective (Section 5.1.2.1) and a processoriented perspective 
(Section 5.1.2.2). 
5.1.2.1 System-oriented Perspective 
In the scientific literature, the term crowdsourcing system is currently used inconsistently. 
(Hetmank, 2013a). This makes it difficult to derive a universal set of semantic entities from 
the literature. As summarized in a previous study of the author, several definitions exist that 
vary in the level of detail and address different perspectives of a crowdsourcing system, 
namely the organizational, the technical, the processoriented, and the humancentric per
spective (Hetmank, 2013a). To achieve a shared understanding of crowdsourcing systems, a 
first conceptual model of typical components and functions was presented in the same 
study (Figure 2). 
 
Figure 2: Conceptual model of a crowdsourcing system 
The model contains four principal components: user management, task management, con
tribution management, and workflow management. Each of the components includes func
tions that should be considered when implementing a crowdsourcing system. This model is 
now applied as an auxiliary instrument to determine a preliminary set of semantic entities 
that are potential candidates for the enterprise crowdsourcing data dictionary. 
Register user
Evaluate user
Form user group
Enable coordination
User 
management
Design task
Assign task
Task 
management
Evaluate contribution
Select contribution
Contribution 
management
Define workflow Manage workflow
Workflow management
Component FunctionLegend:
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Source Dimension 
Doan, Ramakrishnan, and Halevy (2011) • Nature of collaboration 
• Type of target problem 
• Design of incentive mechanism 
• Task complexity 
• Impact of contribution 
• Approach to combine solutions 
• Method to evaluate users 
• Degree and distribution of manual effort 
• Role of human users 
• Type of architecture 
Geiger, Rosemann, and Fielt (2011); 
Geiger, Fielt, Rosemann, and Schader (2012) 
• Treatment of external elements 
• Value of the relationship with an external element 
Erickson (2011) • Distribution over time 
• Distribution over space 
Yuen, King, and Leung (2011) • Application 
Rouse (2010) • Nature of the crowdsourcing task / 
supplier capabilities  
• Distribution of benefits 
• Nature of the motivation to participate 
Schenk and Guittard (2011) • Nature of the crowdsourcing process 
• Type of task 
Corney, TorresSanchez, Jagadeesan, and 
Regli (2009) 
• Nature of the task 
• Nature of the crowd 
• Nature of the payment 
Geiger, Seedorf, Schulze, Nickerson, and 
Schader (2011) 
• Preselection 
• Accessibility 
• Aggregation 
• Remuneration 
Erickson, Petrick, and Trauth (2012a, 2012b); 
Erickson (2012) 
• Organizational uses of the crowd 
• Common task 
• Crowd knowledge 
• Value of the crowd 
• Preferred crowd location 
Quinn and Bederson (2011) • Motivation 
• Quality control 
• Aggregation 
• Human skill 
• Process order 
• Taskrequest cardinality 
Malone, Laubacher, and Dellarocas (2010) • Goal 
• Staffing 
• Incentives 
• Process 
Zwass (2010) 
 
• Performers 
• Motivation 
• Structural task complexity 
• Intellective demands 
• Effort intensity 
• Time frame 
• Aggregation 
Table 8: Classification schemes 
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During the last few years, researchers gained a deeper understanding by classifying the 
wide range of emerging crowdsourcing applications according to different dimensions (Table 
8). To benefit from their insights, twelve of the most prominent crowdsourcing taxonomies 
and classification schemes are analyzed in two steps. 
In the first step, each of the dimensions that are found in the classification schemes is 
mapped onto the components and functions of the conceptual model (Figure 2). Thus, the 
various types of components and functions of a crowdsourcing system are used as a coding 
schema to identify the functional roles that correspond to a dimension (see Appendix B, col
umn 3 “Dimension (characteristic)” and column 4 “Component (function)”). 
In the second step, based on the functional roles, for each of the dimensions one or more 
semantic entities are derived (see Appendix B, column 5 “Semantic entity”). These entities 
provide a basis for a clear description of and a distinction between diverse crowdsourcing 
applications. A summary of the derived semantic entities is presented in Table 9. The enti
ties are grouped into six categories: task characteristics, time aspects, task requirements, 
motivation, quality, and workflow. The categories and the assigned entities lay the founda
tions for the domain capture step of the ontology building process (Section 5.2). 
Category Semantic entities 
Task characteristics goal, type of action, complexity level, impact level, category, target audience 
Time aspects submission time, closure time, Estimated time of duration, latency 
Task requirements Human requirement, Technical requirement 
Motivation reward mechanism 
Quality evaluation mechanism 
Workflow type of aggregation, visibility, sequence of work, accessibility, number of as
signments, interaction mode 
Table 9: Semantic entities derived from existing classification schemes 
5.1.2.2 Process-oriented Perspective 
In this section, the author introduces an idealized and generic crowdsourcing process that 
aims to represent various types of crowdsourcing activities. The process is based on a con
solidated view on descriptions of other research papers (Table 10), however, compared to 
them, it has a higher level of granularity and considers also additional aspects, such as 
providing feedback on the requesters’ task specifications or the participants’ contributions. 
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Source Process tasks 
Gassmann (2010) preparation, initiation, execution, evaluation, exploitation 
Geiger, Seedorf, Schulze, 
Nickerson, and Schader (2011) 
preselection of contributions, accessibility of peer contributions, 
aggregation of contributions, remuneration for contributions 
Khasraghi and Tarokh (2012) submit task, select task, submit result, return result, reward 
Vukovic (2009) submit request, query providers, negotiate request criteria, bid, par
ticipate, execute request, validate completion, pay for request, 
charge for request, submit ratings 
Zhao and Zhu (2012) submit task, negotiate, inquire request, push & pull, participate, bid, 
validate, reward 
Table 10: Synopsis of descriptions of crowdsourcing processes 
With the aid of this generic process, common key concepts and relationships among a broad 
range of crowdsourcing activities are identified. It should be noted that many of the process 
tasks that are presented in this process could either be completed manually by both the re
quester and the crowd, or automatically by the crowdsourcing system. For example, the 
process tasks “propose task to participant” and “evaluate contribution” can be initiated by 
all three agents: the requester, the participant, and the crowdsourcing system. As a conse
quence, no specific roles are associated with each of the process tasks. The proposed ge
neric crowdsourcing process is composed out of four subprocesses: (i) the task specifica
tion, (ii) the task allocation, (iii) the contribution management, and (iv) the posttask man
agement (Figure 3, p. 26): 
I. Task specification: When defining a task of a crowdsourcing project several design char
acteristics have to be taken into account, such as a set of instructions, some acceptance 
criteria, the definition of a target audience, the determination of human and technical re
quirements, as well as the specification of reward and evaluation mechanisms (see also 
the task characteristics in Table 9 of the previous section). The next step within this sub
process is to decide whether a task is split into several subtasks, or multiple tasks are 
bundled into one single task. Finally, the crowdsourcing task is submitted to the crowd. 
II. Task allocation: The second subprocess focuses on assigning a crowdsourcing task to 
one or multiple potential candidates. This can be pursued from two perspectives. On the 
one hand, the participants can search for a task. On the other hand, either the requester 
or the recommender engine of the crowdsourcing system can propose a crowdsourcing 
task to a latent user. If the task specification is not clear or imprecisely defined, the par
ticipant may ask for feedback that optionally entails the redefinition of the crowdsourcing 
task. Depending on the configuration of the crowdsourcing process, a candidate may ei
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ther apply for a crowdsourcing task or directly select one. If the users apply for a task, 
the requester (manually) or the crowdsourcing system (automatically) preevaluate them 
and select one or more that are appropriate for solving the task. 
III. Contribution management: After the crowdsourcing task is assigned to a number of suit
able participants, each of them starts submitting one or more contributions. The re
quester or the peers themselves can then provide feedback on the contributions, which 
may lead to a resubmission of the contribution. Finally, all contributions are evaluated 
and those are selected that are ready for aggregation or for the final solution. Computer 
algorithms often support the evaluation, selection and aggregation of the contributions. 
Sometimes, these process steps are also turned over to third party organizations. 
IV. Posttask management: Finally, if the task is solved properly, the users might be eligible 
to get a reward according to the defined incentive scheme. Each of the participants may 
also get a final evaluation that can be used to enhance the task recommendation and 
workforce selection of future crowdsourcing activities. 
Based on the description of the crowdsourcing process, seven key concepts (project, task, 
participant, requester, evaluation mechanism, reward mechanism, contribution) and three 
core relationships (include, submit, issue) are determined (Table 11). In addition to the se
mantic entities that resulted from taking a systemoriented perspective (Section 5.1.2.1), 
these concepts and relationships provide a foundation for the domain capture step of the 
ontology building process (Section 5.2). 
Key concept Description 
Project A crowdsourcing project includes one or more crowdsourcing tasks. 
Task A crowdsourcing task has a set of task characteristics, task requirements, 
reward mechanisms, and evaluation mechanisms. 
Participant A participant submits one or more contributions to a crowdsourcing task. 
Requester A requester issues a crowdsourcing project. 
Evaluation mechanism An evaluation mechanism specifies who evaluates what with which method 
at what time. 
Reward mechanism A reward mechanism specifies the amount, type and nature of the reward. 
Contribution A contribution belongs to exactly one crowdsourcing task. 
Table 11: Key concepts derived from the generic crowdsourcing process 
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Figure 3: Idealized and generic crowdsourcing process 
5.2 DOMAIN CAPTURE 
During conceptualization (Section 5.1), the enterprise crowdsourcing domain was informally 
perceived and described adopting two approaches: a system review and a literature review. 
In the domain capture, the fragmented results of the conceptualization are now organized 
and transformed into a semiformal specification using a set of intermediate representations 
(GómezPérez et al., 2005 p. 130). These intermediate representations provide the basis for 
implementing the ontology with a specific coding or schema definition language (Sec
tion 5.4). As a first intermediate representation, a data dictionary of the key terms is created 
(GómezPérez et al., 1996). Appendix C includes the data dictionary with all essential con
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cepts, relations, and attributes for the enterprise crowdsourcing domain. Each term is identi
fied by a clear and distinct name and has a consistent description that offers the meaning of 
the term. Based on the proposed data dictionary, a second enhanced intermediate represen
tation in form of a semiformal Unified Modeling Language (UML) diagram is designed to 
model the concept hierarchy and the binary relations between the concepts (Figure 4). Due 
to not dealing with a largescale ontology and unlike suggested in the Methontology ap
proach by GómezPérez et al. (2005), this is done in one single step. The schema also in
cludes a first suggestion of which data type to use for a certain data property. 
 
Figure 4: Semiformal specification of the ontology 
The ontology has been already introduced in a previous article of the author (Hetmank, 
2014b) and a detailed documentation of the concepts and properties can be found in the 
CSM ontology specification9. A brief description of the ontology is given in the subsequent 
paragraph. 
The CSM ontology considers two roles for an enterprise crowdsourcing activity: the re
quester (csm:Requester) and the participant (csm:Participant). Both are modeled as sub
classes of a universal user class (csm:User) that acts as a link between the ontology and the 
                                                
9 http://www.purl.org/csm/ 
csm:title (rdfs:Literal)
csm:description (rdfs:Literal)
csm:instruction (rdfs:Literal)
csm:submissionTime (xsd:dateTime)
csm:closureTime (xsd:dateTime)
csm:confidentialityLevel (xsd:Literal)
csm:complexityLevel (xsd:Literal)
csm:priorityLevel (xsd:Literal)
csm:visibilityMode (xsd:boolean)
csm:interactionMode (xsd:boolean)
csm:estimatedDuration (xsd:int)
csm:numberOfAssignments (xsd:unsignedInt)
csm:Task
csm:title (rdfs:Literal)
csm:description (rdfs:Literal)
csm:goal (rdfs:Literal)
csm:category (rdfs:Literal)
csm:Project
csm:title (rdfs:Literal)
csm:description (rdfs:Literal)
csm:amount (xsd:float)
csm:currency (xsd:string)
csm:RewardMechanism
csm:includes
csm:gender (xsd:unsignedByte)
csm:ageMin (xsd:unsignedByte)
csm:ageMax (xsd:unsignedByte)
csm:language (xsd:language)
csm:country (xsd:string)
csm:jobTitle (xsd:string)
csm:qualificationType (xsd:Literal)
csm:qualificationLevel (xsd:Literal)
csm:approvalRate (xsd:float)
csm:numberOfApprovedTasks (xsd:unsignedInt) 
csm:HumanRequirement
csm:ExternalResource
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csm:hasRewardMechanism
csm:Participant
csm:hasExternalResource
csm:issues
csm:submits
csm:owns
csm:title (rdfs:Literal)
csm:description (rdfs:Literal)
csm:EvaluationMechanism
csm:hasEvaluationMechanism
csm:User
FOAF, schema.org, 
GoodRelations
csm:TargetAudience
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csm:hasAggregationType
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csm:softwarePlatform (xsd:Literal)
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csm:hasPrevious
csm:title (rdfs:Literal)
csm:description (rdfs:Literal)
csm:Contribution
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concepts of other vocabularies. For current purposes, the person and organization concept 
of the FOAF and schema.org vocabulary (foaf:Person, foaf:Organization, schema.org/Person, 
schema.org/Organization) as well as the business entity concept of the GoodRelations vo
cabulary (gr:BusinessEntity) are associated to benefit from the reuse of their properties (for 
more details see also section 5.3). Each crowdsourcing project (csm:Project) that a re
quester issues includes one or more crowdsourcing tasks (csm:Task). The sequence of mul
tiple crowdsourcing tasks within a project can be determined by using the csm:hasNext and 
csm:hasPrevious property. The task concept comprises several data properties to specify 
the task characteristics, such as instruction (csm:instruction), submission and closure time 
(csm:submissionTime, csm:closureTime), or the confidentiality and priority level 
(csm:confidentialityLevel, csm:priorityLevel). Some aspects of the crowdsourcing task are 
designed as independent classes to enhance the semantics of the overall crowdsourcing 
ontology. These classes are, for instance, the reward and evaluation mechanism 
(csm:RewardMechanism, csm:EvaluationMechanism), or the human and technical require
ment (csm:HumanRequirement, csm:TechnicalRequirement). 
5.3 INTEGRATION 
Before implementing an ontology for a certain purpose and domain, ontologist should look 
for existing vocabularies and standards that might be partially adapted or completely reused 
(Uschold & King, 1995). Thus, several semantic vocabularies and standards are assessed 
(Section 5.3.1) and the implication for the design is discussed (Section 5.3.2). 
5.3.1 Semantic Vocabularies and Standards 
Academics and practitioners worldwide have developed a vast number of semantic vocabu
laries and standards. To narrow down potential candidates for reuse, several selection crite
ria are set beforehand: 
• The vocabulary must be documented in detail. An overview of welldocumented ontolo
gies can be found at the W3C.10 
• The vocabulary should be preferably popular, for example, highly referenced by Semantic 
Web documents. Hepp (2007) provides a snapshot of popular ontologies that are highly 
ranked by the Semantic Web search engine swoogle.11 
                                                
10 http://www.w3.org/wiki/Good_Ontologies 
11 http://swoogle.umbc.edu/ 
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• The vocabulary should address aspects of the knowledge domain of enterprise 
crowdsourcing, which means that it should give details on the main concepts, such as 
the crowdsourcing user (either the requester or the participant) or the crowdsourcing 
task, as well as the relations between these concepts. 
Vocabulary Implementation Application domain 
Activity Streams 
(activitystrea.ms) 
JSON, XML, RDF vocabulary to describe activities in social software appli
cations and services 
Contextualized 
Attention 
Metadata (CAM) 
XML vocabulary to describe the objects that attract a user, the 
actions a user performs with these objects, and the use 
contexts (contextual information) 
Description of a 
Project (DOAP) 
RDF vocabulary to describe software projects 
Dublin Core (DC) HTML, XML, RDF, 
plain text 
vocabulary to describe documents 
Friend of a friend 
(FOAF) 
RDF vocabulary to describe users (user profiles), their relation
ships (social network), and objects they create and do 
GoodRelations 
(GR) 
microdata, RDFa, 
OWL 
vocabulary for product, price, store, and company data (e
commerce) 
hCalendar/h
event 
microformats vocabulary to describe events 
hCard/hcard, 
vCard 
microformats (HTML 
syntax), RDF 
vocabulary to describe people, companies, and organiza
tions (user profiles) 
Open Social JSON, XML vocabulary to describe social network information and 
services 
Provenance on
tology (PROV) 
OWL, XML, plain 
text (human readable 
version) 
vocabulary to describe entities, activities, and people 
(provenance data) 
schema.org microdata (HTML 
syntax) 
a collection of vocabularies to describe persons (user 
profiles), organizations, products, events, and actions 
performed on objects 
Semantically
Interlinked Online 
Communities 
(SIOC) 
RDF vocabulary to describe online communities, such as 
blogs, discussion forums and mailing lists 
Web Services 
Business Process 
Execution Lan
guage (WSBPEL) 
XML vocabulary to describe business processes 
XML Process 
Definition Lan
guage (XPDL) 
XML vocabulary to describe business processes 
XHTML Friends 
Network (XFN) 
HTML 
(rel attribute) 
vocabulary to describe human relationships (social net
work) 
Table 12: Potential vocabularies for reusing in the crowdsourcing domain 
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Taking the aforementioned selection criteria into consideration, 15 semantic vocabularies for 
conducting further investigations are identified (Table 12). These vocabularies aim to define: 
1. people, organizations, and information objects (DOAP, DC, GoodRelations, hCard/vCard, 
schema.org), 
2. events and contextual information (activitystrea.ms, hCalender, CAM, PROV), 
3. social networks and online communities (FOAF, Open Social, XFN, SIOC), or 
4. business processes and workflows (WSBPEL, XPDL). 
In the next subsections, the vocabularies are briefly reviewed to assess their applicability to 
the crowdsourcing domain. 
5.3.1.1 People, Organizations, and Information Objects 
The Description of a Project (DOAP) vocabulary can be useful if the crowdsourcing activity is 
a software development project. The vocabulary is mainly intended to describe existing ra
ther than future software projects. However, some of the attributes of the vocabulary, such 
as the operating system, the platform, or the programming language, are helpful in defining 
the technical requirements for a crowdsourcing project.  
The Dublin Core (DC) specification is one of the bestknown metadata sets for describing 
web resources, in particular documents. The metadata elements of DC can be applied to 
specify various aspects of the crowdsourcing contributions and the required external re
sources, for example, the creator, the subject, the audience, rights and links to other docu
ments. 
The GoodRelations (GR) vocabulary is a popular and widespread ontology for the 
ecommerce domain. Especially the concepts business entity and business entity type are 
candidates for reuse. Both concepts allow a detailed description of the users involved in a 
crowdsourcing activity. The concept payment method and the concept price specification 
can extend the definition of the reward mechanism of a crowdsourcing project. 
The hCard/vCard open format offers attributes to record address and contact information of 
a person, a company, or an organization. It offers similar attributes as the concept person of 
the schema.org and the FOAF specification and can be valuable for creating user profiles of 
a crowdsourcing user. 
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The schema.org specification offers an extensive collection of classes and attributes to de
scribe persons, organizations, products, events, and actions. Over 70 action types are de
fined in the schema.org specification. Some of them, such as assess, create, find, organize, 
and update, can also be suitable to specify a certain crowdsourcing task. Especially the con
cepts person and the concept organization are valuable candidates for reuse. 
5.3.1.2 Events and Contextual Information 
The Activity Streams (activitystrea.ms) standard provides a set of semantic entities to de
scribe activities in social software applications and services. The standard offers a wide 
range of object types (e.g., article, file, image, note, review, video) that can be adopted to 
describe different kinds of crowdsourcing contributions as well as external resources. The 
action types (e.g., add, delete, receive, tag, share) that are introduced in the standard are 
mainly related to web contents, documents, and persons and provide less value to describe 
crowdsourcing activities. 
The Contextualized Attention Metadata (CAM) schema contains an essential set of concepts 
and relationships to describe contextual information. Although the model does not include 
the necessary semantics to define specific facets of enterprise crowdsourcing, it can be 
applied on a higher level of abstraction to describe crowdsourcing events. 
The hClalendar vocabulary contains properties to define events. The elements of the vocabu
lary can be adopted to describe time aspects (e.g., start data, end data, duration) and loca
tion aspects of a crowdsourcing activity. 
The Provenance ontology (PROVO) consists of classes and properties to describe prove
nance information and has currently the status of a W3C recommendation. Similar to the 
CAM schema, the PROVO is very generic and mainly suited to describe aspects on a high 
level of abstraction. 
5.3.1.3 Social Networks and Online Communities 
The Friend of a friend (FOAF) vocabulary is a lightweight, and highly accepted specification 
to describe social networks. The concepts person and organization can be utilized to de
scribe the participants and the requesters of a crowdsourcing task. Moreover, the concept 
group and the object property member can model the aspect of team building in a 
crowdsourcing activity. The users' social network itself can be described by the object prop
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erty knows. Three types of concepts, namely document, image, and project can be em
ployed to define crowdsourcing contributions and external resources. 
The SemanticallyInterlinked Online Communities (SIOC) ontology provides semantic entities 
to describe discussion methods, such as blogs, forums and mailing lists. In the crowdsourc
ing domain, the elements can be used to represent communication interactions among the 
participants or between the requester and the participants.  
The XHTML Friends Network (XFN) metadata profile contains 18 different alternatives to 
describe relationships between people. The differentiation between friendship, professional 
relationship, or family relations can be helpful to support the team building process in a 
crowdsourcing activity. 
5.3.1.4 Business Processes and Workflows 
The Web Services Business Process Execution Language (WSBPEL) is an XMLbased 
standard for the description of business processes. The activities of the business processes 
are implemented as web services, which are platform independent software components 
designed to support distributed business applications. The basic version of the WSBPEL 
standard, however, does not consider human interaction. Thus, two extensions of the 
WSBPEL standard, namely BPEL4People and WSHumanTask, are defined to model the 
concept of human tasks that are accomplished by people (OASIS, 2010). Although human 
interactions are now supported, little is known how to apply these standards in the domain 
of crowdsourcing (Schall, 2012). 
Another XMLbased standard to describe business processes is the XML Process Definition 
Language (XPDL). Whereas BPEL focuses mainly on the orchestration of web services, 
XPDL is designed at its core to also handle workflows performed by people. The standard 
allows to define user tasks (TaskUser activity) where a human actor performs the task with 
the assistance of a software application (WfMC, 2012, p. 112). 
The main weakness of both standards, the WSBPEL and the XPLD is that they do not pro
vide the necessary granularity to describe a crowdsourcing task in detail. However, to im
prove the task allocation, more information is required, such as the given reward, some time 
constraints, or the necessary qualification to solve the task. 
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5.3.2 Implications for the Design 
The analysis of the existing semantic vocabularies and standards provides valuable insight 
and leads to two design impacts for the development of the ontology. First, the possibility to 
describe users and their social networks within enterprise crowdsourcing environments is 
already well supported by standards, such as FOAF and schema.org. Thus, to empower the 
CSM ontology with social profiles and networking features, these two standards will be re
used. Second, to link the CSM ontology to the semantics of the ecommerce world, the 
business entity concept of the GoodRelations ontology is adopted. 
5.4 IMPLEMENTATION 
The implementation begins with choosing a representation language for the ontology. The 
Web Ontology Language (OWL) is applied to formalize a prototype of the ontology. When 
considering the nonfunctional requirements, especially the aspects of compatibility, integra
tion and expandability, two reasons lead to the choice of OWL. First, OWL is a well
established and accepted standard and thus not only increases the chance of dissemination 
and reusability of the ontology in the future, but also complies with the requirement to en
sure interoperability between different information systems. This is mainly due to the fact 
that OWL lies within the responsibility of the World Wide Web Consortium (W3C), an inter
national standards organization. Second, OWL is a very expressive representation language, 
and hence offers the necessary condition for future changes and extensions of the ontology. 
For the implementation of the ontology, the open source ontology development editor Pro
tégé was applied. The tool supports the overall modeling process of the ontology by provid
ing several useful functions. For example, it offers functions to efficiently create and anno
tate semantic entities of an ontology, to graphically visualize an ontology, and to automatical
ly generate a humanreadable documentation out of the ontology. 
To ensure the quality and, in particular, to address the nonfunctional requirements (Section 
4.2.2), various design rules to formalize the ontology are considered: 
• A persistent uniform resource locator (PURL) is used to redirect the location of the re
quested ontology. Thus, the PURL offers a constant reference to the specification and 
documentation of the ontology, while the actual address of the website can change in 
the future.12 
                                                
12 The PURL of the CSM ontology is http://www.purl.org/csm/. 
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• The uniform resource identifier (URI) prefix csm is chosen in such a way that it does not 
conflict with existing namespaces. To prevent multiple usage of the same namespace 
for different URIs in future, the new prefix mapping csm is registered at the namespace 
lookup service developed at the Digital Enterprise Research Institute (DERI).13 
• The axioms of the ontology are properly indented and grouped in classes, object proper
ties, data properties, and individuals (see Appendix E). 
• The ontology uses URIs that can be interpreted by human readers. 
• The classes of the ontology are labeled with singular nouns (sometimes with a preceding 
adjective) and start with a capital letter, such as “Task”. 
• The object properties of the ontology are labeled either with verbs in the third person, 
such as “issues”, or with a combination of the prefix “has” and the class name to which 
it is related, such as “hasRewardType”. All object properties start with lower case. 
• The data properties of the ontology are labeled with plural nouns and start with lower 
case. 
• If a semantic entity is composed of multiple words each subsequent word begins with 
capital letters, such as “qualificationType”. 
• Only data types that are widely supported by various Semantic Web tools are applied, for 
example, the element “estimatedDuration” applies xsd:int instead of xsd:duration. 
The designed CSM ontology finally contains 24 classes, 22 object properties, and 30 data 
properties to describe the key aspects of a typical enterprise crowdsourcing activity. Addi
tionally, 51 individuals are suggested, which may be extended in future versions of the on
tology. All semantic entities of the ontology are supplemented with additional annotation 
information, whereas the rdfs:comment property is applied to explain the meaning of the 
entity and the rdfs:seeAlso property offers literature references and suggestions for further 
reading. 
  
                                                
13 The namespace lookup service can be found at http://prefix.cc/about. 
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6 EVALUATION 
Evaluating an ontology is an essential activity in the ontology engineering process that 
should not be neglected. As GómezPérez et al. (2005) assert “it is unwise to publish an on
tology or to implement a software application that relies on ontologies written by others 
(even yourself) without evaluating first its content […]” (p. 178). Ontology evaluation can be 
divided into ontology verification and ontology validation. Whereas ontology verification fo
cuses on building an ontology correctly, ontology validation proves that the set of all seman
tic entities of an ontology really corresponds to the domain of the real world that should be 
modeled (GómezPérez, 1996). 
There exist various approaches on how to verify and validate an ontology, which fall mainly 
in the following categories (Brank, Grobelnik, & Mladenić, 2005; Kayed, 2013): 
1. How well does the ontology fit the domain of knowledge for which it is created? 
2. How well does the ontology perform in the context of application? 
3. How well does the ontology meet a set of criteria, standards, and requirements? 
4. How well does the ontology work compared to other ontologies and vocabularies in the 
same domain? 
5. Which characteristics does the ontology show according to certain ontology metrics? 
Unlike other software products, ontologies face the challenge that their developers cannot 
simply compile, run and test them in the context of their predefined application domain 
(Vrandečić, 2009). Another difficulty results from the fact that within the context of the 
somehow uncontrolled Semantic Web, ontologies are often “used and extended in ways 
not expected by the [original] creators” (Vrandečić, 2009, p. 294). Due to the difficulties in 
evaluating an ontology, a multifaceted evaluation is pursued that applies multiple methods to 
address the five above mentioned questions. 
To answer the first two questions that focus on the domain of knowledge and the context of 
application, three use case scenarios are shown on how the CSM ontology can be used to 
query enterprise crowdsourcing data on the Semantic Web (Section 6.1). According to ques
tion three, the designed ontology should satisfy the previously established requirements. 
Additionally, considering question four, the performance of the developed ontology should 
be compared to other ontologies and Semantic Web vocabularies. To address question tree 
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and four, the CSM ontology and each of the semantic vocabularies presented in section 
5.3.1 are contrasted with different aspects of the functional requirements introduced in sec
tion 4.2.1. To answer question five, this work finally draws the attention to three ontology 
metrics, which describe the general structure of the CSM ontology (Section 6.3). 
6.1 TRANSFORMING INFORMAL TO FORMAL COMPETENCY QUESTIONS 
An ontology can be evaluated by leveraging use case scenarios. As Obrst et al. (2007) re
mark, these “taskbased evaluations offer a useful framework for measuring practical as
pects of ontology deployment, such as the human ability to formulate queries using the que
ry language provided by the ontology” (p. 148). In this technical report, three use case sce
narios are presented: 
• use case scenario 1: specifying crowdsourcing tasks, 
• use case scenario 2: finding and recommending crowdsourcing tasks, and 
• use case scenario 3: monitoring and managing crowdsourcing tasks. 
For each of the use case scenarios two example queries are presented. All example queries 
are written as informal competency questions, which are then followed by their correspond
ing formal query. The formal query is expressed in the SPARQL protocol and RDF query lan
guage (SPARQL) (Harris & Seaborne, 2013). SPARQL provides a language for querying RDF 
graphs via pattern matching. It is similar to the structured query language (SQL), but entails 
the use of RDF graphs, internationalized resource identifiers (IRIs), and XML schema data 
types (Della Valle & Ceri, 2011). All queries were tested with the SPARQL query engine 
Twinkle14 and the SPARQL server Fuseki15 using two sample data instances. 
The first sample data instance represents a corporate translation project. It consists of two 
crowdsourcing tasks. The first one requests for translating a technical specification and the 
second one for translating an inhouse memo (Figure 5). Both crowdsourcing tasks impose 
different language skills (French, German, and Polish) and include distinctive reward mecha
nisms (money and reputation points). Due to assuming a higher confidentiality, the transla
tion of the memo is only issued to the employees of the company (internal crowd), whereas 
the translation of the technical specification considers also the general public domain (hybrid 
crowd). The submission and closure time of both tasks is equal, however, the estimated 
time for performing the tasks differs. 
                                                
14 The SPARQL query tool Twinkle can be found at http://www.ldodds.com/projects/twinkle/. 
15 The SPARQL server Fuseki can be found at http://jena.apache.org/documentation/serving_data/. 
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Figure 5: Translation project (sample data 1) 
The second sample data instance illustrates a software development project that includes 
four tasks. Two of them are software development tasks requiring specific programming 
skills and two of them are softwaretesting tasks presuming that the potential participants 
use a certain operating system for conducting the tests (Figure 6). The software develop
ment tasks build upon one another and are processed successively, while the software
testing task can be performed side by side. Some of the tasks own contributions that are 
submitted by participants. Only participants of the software development tasks are evaluat
ed. While the peers evaluate the participants of the first task after they have performed the 
task, the requester assesses the participants of the second task before they engage in the 
task. 
The structured data of both sample data instances are codified using the Resource Descrip
tion Framework in Attributes (RDFa) (Adida, Birbeck, McCarron, & Herman, 2013). RDFa 
extends the HTML syntax with a set of attributes to semantically annotate things on the 
Web (Sporny, 2013). RDFa introduces only a few simple HTML attributes to make state
ments about web resources in the form of subjectpredicateobject expressions. Besides 
using the set of RDFa Lite attributes, namely vocab, typeof, property, resource, and prefix, 
also attributes of the RDFa Core are applied including content, datatype, about, and rel 
(Herman, Adida, Sporny, & Birbeck, 2013). The two sample data instances comply with the 
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CSM ontology. The HTML/RDFa source code can be found in the Appendix F (Sample Data 
Instance 1) and in the Appendix G (Sample Data Instance 2). 
 
Figure 6: Software development project (sample data 2) 
Specifying crowdsourcing tasks (use case scenario 1) 
The first use case scenario illustrates how requesters can be supported in specifying a 
crowdsourcing task. Requesters often face the challenge of having to define crowdsourcing 
tasks that will draw an audience and that will lead to the anticipated and desired quality of 
the contributions. As a starting point, a crowdsourcing system may apply the terminological 
knowledge of the ontology to guide the requester by suggesting common properties worth 
considering during the specification process of a crowdsourcing project. Additionally, based 
on the task requirements and the analysis of historical crowdsourcing data, a system may 
give valuable advice, for example, for choosing an appropriate incentive or evaluation mech
anism. Example 1 illustrates a query for identifying reward mechanisms of previously issued 
translation tasks with an estimated duration of 30 minutes. 
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Example 1: Which type, nature and amount of reward are appropriate for a translation task 
that lasts approximately 30 minutes? (query applied to sample data 1) 
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 
PREFIX csm: <http://purl.org/csm/1.0#> 
SELECT ?RewardType ?RewardNature ?RewardAmount ?RewardCurrency 
WHERE { 
?Task csm:title ?Title . 
?Task csm:hasActionType csm:Translate . 
?Task csm:estimatedDuration ?estimatedDuration . 
FILTER (?estimatedDuration = "30"^^xsd:int) 
?Task csm:hasRewardMechanism ?RewardMechanism . 
?RewardMechanism csm:hasRewardType ?RewardType . 
?RewardMechanism csm:hasRewardNature ?RewardNature . 
?RewardMechanism csm:amount ?RewardAmount . 
?RewardMechanism csm:currency ?RewardCurrency 
} 
Listing 1: Example for querying reward mechanisms 
To anticipate the potential success rate for solving a certain crowdsourcing task, requesters 
are occasionally interested in identifying suitable and available candidates in advance. Exam
ple 2 shows a query for finding HTML5 developers who have already been engaged and 
evaluated in a crowdsourcing activity. 
Example 2: Who has already participated in a previous crowdsourcing project that required 
HTML5 skills and has been evaluated afterwards? (query applied to sample data 2) 
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 
PREFIX csm: <http://purl.org/csm/1.0#> 
SELECT ?Participant 
WHERE { 
?Participant csm:submits ?Contribution . 
?Task csm:owns ?Contribution . 
?Project csm:includes ?Task . 
?Task csm:imposes ?Requirement . 
?Requirement rdf:type csm:HumanRequirement . 
?Requirement csm:qualificationType "HTML5"@en . 
?Task csm:hasEvaluationMechanism ?EvaluationMechanism . 
?EvaluationMechanism csm:hasEvaluationSubject csm:Participant . 
?EvaluationMechanism csm:hasEvaluationTime csm:After 
} 
Listing 2: Example for querying participants 
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Finding and recommending crowdsourcing tasks (use case scenario 2) 
The second use case scenario describes how the task allocation process can be supported. 
Often the number of crowdsourcing tasks that are available on crowdsourcing platforms can 
be overwhelming. Thus, a requester may want to recommend a crowdsourcing task that fits 
the human capabilities or technical resources of the participants. Example 2 has already pre
sented how potential candidates can be identified. Similar to the requesters, participants 
want to efficiently filter and find crowdsourcing tasks that correspond to their interests and 
skills. Example 3 demonstrates a query that sets the preference of the type of task to trans
lation tasks issued to the company’s employees. The task shall require French and German 
language skills. 
Example 3: “Which translation tasks are issued internally to the employees only and require 
Polish and German language proficiency?” (query applied to sample data 1) 
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 
PREFIX csm: <http://purl.org/csm/1.0#> 
SELECT ?Task ?Title 
WHERE { 
?Task csm:title ?Title . 
?Task csm:hasTargetAudience csm:Internal . 
?Task csm:hasActionType csm:Translate . 
?Task csm:imposes ?Requirement . 
?Requirement rdf:type csm:HumanRequirement . 
?Requirement csm:language "pl"^^xsd:language . 
?Requirement csm:language "de"^^xsd:language 
} 
Listing 3: Example for querying tasks that fit the participant’s interests and skills 
Time constraints and reward expectations may also play a crucial role for identifying appro
priate tasks. Example 4 illustrates how the general public can search for tasks that last no 
longer than 45 minutes and offer a reward of at least 15 Euro. 
Example 4: “Which public domain crowdsourcing tasks offer a reward of at least 15 Euro 
worth and do not take longer than 45 minutes?” (query applied to sample data 1) 
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PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 
PREFIX csm: <http://purl.org/csm/1.0#> 
SELECT ?Task ?Title 
WHERE { 
?Task csm:title ?Title . 
{?Task csm:hasTargetAudience csm:External .} UNION 
{?Task csm:hasTargetAudience csm:Hybrid .} 
?Task csm:hasRewardMechanism ?RewardMechanism . 
?RewardMechanism csm:amount ?amount. 
FILTER (?amount >= "15"^^xsd:float) . 
?RewardMechanism csm:currency "EUR"^^xsd:string . 
?Task csm:estimatedDuration ?estimatedDuration . 
FILTER (?estimatedDuration <= "45"^^xsd:int) 
} 
Listing 4: Example for querying tasks based on time constraints and reward expectations 
Monitoring and managing crowdsourcing tasks (use case scenario 3) 
The last use case scenario focuses on aspects of how the CSM ontology can be applied to 
monitor, control, and manage the crowdsourcing tasks assembled in a workflow. In order to 
check if the desired outcome of the crowdsourcing activity will be achieved, requesters 
need assistance in tracking the current progress of the crowdsourcing project. Example 5 
shows a query for identifying the number of participants who carried out a software test on 
an Android mobile device. 
Example 5: How many and which participants conducted a software test on an Android op
erating system? (query applied to sample data 2) 
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 
PREFIX csm: <http://purl.org/csm/1.0#> 
SELECT ?Participant 
WHERE { 
<http://example.org/#project> csm:includes ?Task . 
?Task csm:hasActionType csm:Test . 
?Task csm:imposes ?Requirement . 
?Requirement rdf:type csm:TechnicalRequirement . 
?Requirement csm:operatingSystem "Android"@en . 
?Task csm:owns ?Contribution . 
?Participant csm:submits ?Contribution 
} 
Listing 5: Example for querying the number of contributors for a particular task 
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Likewise, requesters want to discover and eliminate weak spots or bottlenecks in the overall 
crowdsourcing process. The last example locates tasks that have not gained the necessary 
attention since none of the users has contributed toward a solution. To engage more partici
pants, these tasks might require adjustments of the task specification, the reward scheme, 
or the evaluation mechanism. 
Example 6: “Which tasks can not be processed because their preliminary tasks lack a con
tribution?” (query applied to sample data 2) 
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 
PREFIX csm: <http://purl.org/csm/1.0#> 
SELECT ?PreliminaryTask ?SubsequentTask ?Contribution 
WHERE { 
?PreliminaryTask csm:hasNext ?SubsequentTask . 
FILTER NOT EXISTS { ?PreliminaryTask csm:owns ?Contribution } 
} 
Listing 6: Example for querying preliminary tasks without contributions 
6.2 COMPARING THE ONTOLOGY TO OTHER SEMANTIC VOCABULARIES 
Researchers and practitioners have produced a wide range of semantic vocabularies for dif
ferent purposes. In section 5.3, the author examined several potential candidates that might 
be adopted or reused in the domain of enterprise crowdsourcing. It could be shown that 
some of them are capable to fulfill certain single aspects of the requirements with regard to 
the representation of enterprise crowdsourcing data. Apparently, none of them covers the 
whole set of functional requirements stated in section 4.2.1, and thus may only be applied to 
the domain of enterprise crowdsourcing with significant modification. This is not surprising 
as these vocabularies are either developed for a different application domain or they are too 
general to meet the specific requirements of enterprise crowdsourcing. 
To get a better judgment of how the designed ontology will perform in reality compared to 
other semantic vocabularies by means of meeting the functional requirements, each vocabu
lary is ranked against a set of aspects worth considering for a certain requirement (Section 
4.2.1). Although this evaluation approach offers only a quantitative subjective estimate and 
makes no statement on the actual performance of the vocabulary, it depicts the chances of 
future success in an enterprise crowdsourcing environment. 
Figure 7 illustrates a summary of the comparison results whereas the number of dots within 
each rectangle represents the expressive power in terms of relevant semantic entities (no 
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dot = no relevant semantic entities exist, 1 dot = very few relevant semantic entities exist, 
2 dots = few relevant semantic entities exist, 3 dots = many relevant semantic entities exist, 
4 dots = very many relevant semantic entities exist). A detailed overview about the relevant 
semantic entities can be found in Appendix D. The number within a table cell points to a 
Semantic Web standard that is reused, for instance, the SIOC ontology reuses the FOAF 
vocabulary to describe additional information about the creator of a post (see row F02.a, 
column 12). The last column represents the evaluation of the CSM ontology. 
 
Figure 7: Comparison of the CSM ontology with other semantic vocabularies 
Several conclusions can be drawn from the evaluation. First, the comparison reveals that 
also some of the vocabularies offer semantic entities to make simple task descriptions, yet 
none of them has the expressive power to define detailed incentive schemes, evaluation 
mechanisms, or specific human and technical requirements of a crowdsourcing task. This 
may be due to the fact that vocabularies, such as Activity Streams or Open Social, are main
ly designed to record past social activities rather than to announce and advertise future 
crowdsourcing activities. Thus, the CSM ontology provides classes and properties for defin
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ing crowdsourcing tasks. Second, the analysis indicates that user profiles and social net
works are already well represented by one or more vocabularies. As a consequence, FOAF 
and schema.org are included in the CSM ontology to describe crowdsourcing users and their 
social networks. SIOC and DC are not implemented in the CSM ontology yet, but are prom
ising candidates for representing social interactions and describing contributions in an enter
prise crowdsourcing environment. Third, standardized formats for specifying and interchang
ing business processes, such as XPDL and WSBPEL, provide a language to model very 
complex process logics and event handling mechanisms. Future research may investigate 
the potentials of handling complex processes as well as considering different roles and input 
conditions. 
6.3 CALCULATING ONTOLOGY METRICS 
Ontology metrics offer a quick and straightforward way to assess ontologies during their 
ontology engineering process and their subsequent evolution (Vrandečić & Sure, 2007). In 
this technical report, ontology metrics are only briefly considered to describe the general 
characteristic and structure of the CSM ontology. Due to not having a representative set of 
instances yet, the content of the ontology is evaluated using three schema metrics (Tartir, 
Arpinar, Moore, Sheth, & Alemanmeza, 2005). For measuring the ontology, the relationship 
richness, the attribute richness, and the inheritance richness of the ontology are calculated 
(Table 13). 
Metric Formula Description Value 
Relationship 
Richness 
      
The relationship richness (RR), also named as the rela
tionship diversity, represents the ratio between the num
ber of noninheritance relationships (P) and the sum of all 
inheritance relationships (H) and noninheritance relation
ships. The CSM ontology tends to have a high diversity of 
relations other than classsubclass relations. 
RR=0.79 
Attribute 
Richness  

  
The attribute richness (AR) is defined as the average 
number of attributes (att) per class (C). The result indi
cates that the CSM ontology has a reasonable but not an 
excessive amount of knowledge about the classes. 
AR=1.25 
Inheritance 
Richness  

  
The inheritance richness (IR) or schema depth is defined 
as the average number of subclasses per class. The re
sult implies that the CSM ontology covers a specific do
main in a detailed manner. 
IR=0.25 
Table 13: Ontology metrics (relationship, attribute, and inheritance richness) 
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Although these metrics provide rather less information about the quality of an ontology and 
should therefore be carefully interpreted, they indicate at least the potential of an ontology 
for knowledge representation in the application domain (García, GarcíaPeñalvo, & Therón, 
2010). Additionally, these metrics can serve as an orientation value or benchmark to com
pare the current version of the CSM ontology with future changes and advancements. How
ever, the metrics are subject to criticism due to the fact that there are no appropriate refer
ence values for an ideal ontology (Sicilia, Rodríguez, GarcíaBarriocanal, & SánchezAlonso, 
2012). 
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7 CONCLUSION 
This technical report provides researchers and practitioners who are interested in deploying 
Semantic Web technologies to enhance automation and interoperability in enterprise 
crowdsourcing environments. The main research objective was to develop a lightweight and 
extensible ontology for capturing, storing, utilizing, and sharing crowdsourcing data. As a 
methodology to guide the overall design process, ontology engineering was chosen. 
Research contributions were made on three different layers of abstraction. At the conceptu
al layer, a preliminary set of shared semantic entities was derived from a review of existing 
crowdsourcing systems and a review of recent crowdsourcing literature. This kind of con
sensus building approach supports the identification of wellaccepted semantic entities. 
Thereupon, at the intermediate logical layer, a data dictionary and a corresponding data 
schema were built. Finally, at the physical layer, the CSM ontology was implemented in 
OWL. 
A set of different methods was carried out to evaluate the CSM ontology. It included the 
transformation of informal to formal competency questions, the comparison to other seman
tic vocabularies, and the calculation of ontology metrics. The development of the ontology 
constituted a proof of concept, which demonstrated the feasibility via a functioning proto
type. Through the evaluation, evidence was shown that the adoption of Semantic Web 
technologies promises to enhance the automation and interoperability in enterprise 
crowdsourcing environments. In the long run, however, a proof of demonstration in terms of 
successful adoption in a reallife context is required. This calls for evaluating the CSM ontol
ogy not only based on the schema but also on the instances (populated ontologies). 
Recommendations for future efforts could be given in several directions. One step to 
demonstrate and unleash the full potentials of the ontology is the implementation of CSM 
metadata exports from existing webbased enterprise crowdsourcing systems and business 
applications. For example, a CSM wrapper could be developed that transforms the 
crowdsourcing data residing in closed database environments into RDF triples. Another step 
is to provide query facilities. This necessitates replicating the structured crowdsourcing data 
in a data repository or native RDF data store, which can handle the queries. To replicate the 
data, either a web crawler automatically updates the RDF data store or the crowdsourcing 
application itself pushes changes after the crowdsourcing data has been created or modi
fied. 
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Even though the CSM ontology covers the key representational needs of the enterprise 
crowdsourcing domain, some challenges are worth highlighting. One of the main challenges 
is how to reach a wide adoption of the CSM ontology in practice and how to create an incen
tive for people to publish crowdsourcing data and to develop applications for the proposed 
CSM ontology. This also asks for engaging more researchers and practitioners in future im
provement cycles of the ontology that leads into a standardization process. Another chal
lenge that will also impact the future design and adoption of the ontology is the issue of pri
vacy and trust of crowdsourcing data that is available and viewable to the public, such as the 
participants’ personal data or extremely businesscritical information of the company. Thus, 
solutions are required that allow for the exchange of sensitive information not only in an 
open manner, but also in a closed network of trusted crowd workers. 
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APPENDIX A (SYSTEM REVIEW) 
Platform 
Task properties 
User properties 
(requester and participant) 
Task specification (F01) Task allocation (F02) Transaction 
transparency 
and quality 
control (F04) 
Task description 
Time and 
priority 
Reward Evaluation 
Requester
oriented 
Participant
Oriented 
Amazon mTurk project name, task title, 
task description, keywords, 
task type (categorize, col
lect data, moderate, get 
sentiment, survey, tag, 
transcribe, create content), 
instructions 
duration, expira
tion, approval 
time after com
pletion, 
reward per 
assignment 
 qualification type, 
approval rate, 
number of ap
proved tasks 
creation date, 
task available, 
reward amount, 
expiration date, 
duration 
number of as
signments per 
task, status (in 
progress, for 
review, reviewed) 
name, login name, contact 
address information, prepaid 
balance 
Atizio title, description, image, 
additional information (text, 
document), important 
information, acceptance 
criteria, thankyou text, 
visibility 
duration (start 
and end 
date/time) 
amount of 
(alternative) 
reward, 
  reward, accepted 
languages (de, fr, 
en), duration 
user activity 
(ideas, projects, 
comments, 
comment evalua
tion, idea evalua
tion, time of 
membership) 
first name, last name, address 
(street, zip code, city, country), 
age, about me, website, inter
ests, profession, job status, 
educational level, languages, 
references, career/CV, contact 
list 
crowdSPRING project title, project de
scription, external re
sources 
end date amount of 
payment 
 specialization, 
country, lan
guage 
product category, 
activity score, 
award, time, 
contributions, 
status 
user activity 
(reputation score, 
projects, awarded 
projects) 
first name, last name, about me, 
address (city, state, postal code, 
country), language, time zone, 
specialization, profile image, 
email, portfolio items 
CrowdWorx prediction name, descrip
tion, survey configuration, 
detailed information, addi
tional information, dia
grams, tables, references 
      user name, name, position, 
department, telephone, fax, 
about me 
designenlassen project name, company 
description, task descrip
tion, additional information 
duration amount of 
payment 
  time left, number 
of proposals, 
reward, buyer, 
project language, 
project category, 
project type 
user activity 
(projects won, 
projects involved, 
success rate) 
first name, last name, company 
name, address (street, zip code, 
city, country, telephone, email, 
user type (designer, employer), 
tax id, valueadded tax id 
elance task name, task descrip
tion, external resources, 
category, subcategory, 
skills, task visibility (public, 
private) 
workload per 
week, validity, 
start date (im
mediate, date) 
type of payment 
(hourly, fixed), 
amount of 
payment 
 type of agent 
(individual, com
pany), category, 
preferred loca
tion, skills, repu
categories, type 
of payment, 
amount of pay
ment, workload, 
location (region, 
 user name, first name, last 
name, address, email, tele
phone, company name, job title, 
description, video profile, time 
zone, team member, social 
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Platform 
Task properties 
User properties 
(requester and participant) 
Task specification (F01) Task allocation (F02) Transaction 
transparency 
and quality 
control (F04) 
Task description 
Time and 
priority 
Reward Evaluation 
Requester
oriented 
Participant
Oriented 
tation country), time left network, portfolio, skills, over
view description, service de
scription, payment terms, certi
fications, licenses, employment, 
education, references, key
words, group membership 
Gengo project title, translation 
text, instructions, original 
and target language 
  quality level, 
preferred 
translators 
   address (full name, address line, 
town/city, state/prefecture, 
zip/postal code, country, tele
phone), time zone, display 
name, email, password, addi
tional information, taxpayer 
status 
Innocentive project title, brief descrip
tion, detailed description, 
image, type of challenge 
(internal, invitational, exter
nal), management of intel
lectual property 
 award amount  expertise, inter
ests, country, 
type of user (has 
submitted solu
tions, winning 
solver) 
expertise, inter
ests 
 first name, last, name, email, 
address (city state/province, 
country, zip/postal code, phone 
number, fax number), academic 
degree (Baccalaureate, Master, 
Ph.D., Post doctoral, High 
school, others), work status 
(selfemployed, independent 
consultant, small company 
employee, corporate employee, 
government employee, non
profit employee, profes
sor/educator, unemployed, 
retired, undergraduate student, 
graduate student), employer, 
contract service (research, 
manufacturing, product devel
opment), expertise, interests, 
personal headline, biography, 
link to social network or website 
LinkedIn, Facebook, Twitter, 
Website), education list, publica
tion list 
MobileWorks project name, instructions, 
fields (text, multiple choice, 
email, telephone, date, 
number, comma separated 
priority payment pretest tasks blocked worker, 
language, loca
tion, minimum 
age, maximum 
 workflow (itera
tive, parallel, 
survey, manual), 
redundancy 
user name, first name, last 
name, email, account balance, 
country, native language, num
ber of completed tasks, accura
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Platform 
Task properties 
User properties 
(requester and participant) 
Task specification (F01) Task allocation (F02) Transaction 
transparency 
and quality 
control (F04) 
Task description 
Time and 
priority 
Reward Evaluation 
Requester
oriented 
Participant
Oriented 
values), link to resource, 
resource type (text, image, 
link, audio) 
age, gender (number of re
dundant work
ers), user activity 
(task completed, 
accuracy, earn
ings, rank) 
cy, earnings, rank 
oDesk task category, task sub 
category, task description, 
contractor type (independ
ent, agency), marketplace 
visibility (all, internal, invit
ed), link to external re
source 
duration, work
load 
type of payment 
(hourly, fixed), 
amount of 
payment 
preevaluation category, skills 
required, type of 
payment, con
tractor type 
(none, independ
ent, agency), 
marketplace 
visibility, feed
back score, 
hourly rate, hours 
billed, last activi
ty, location, 
English level, test 
score of skill 
hourly rate, mini
mum feedback 
score, participa
tion, location, 
English level 
status (open, 
filled, closed) 
profile access, job title, years of 
experience, English level, over
view, video profile, individual 
skills, skill category, employ
ment history, education, portfo
lio projects, certifications, expe
riences 
Seedmatch project name, website, 
description, funding 
threshold, funding limit, 
discount 
end date     status (open, 
closed) 
first name, last name, gender, 
academic title, email, address 
(street, zip code, city, country, 
area code, telephone number, 
birthday, tax id), profile image, 
link to social network (Facebook, 
Twitter, Xing), about me 
Startnext project title, short name, 
category, address, funding 
goal, keywords, detailed 
information (about, goal, 
motivation, investment 
decision, responsible per
sons), image 
end date   category, key
words 
recommended 
projects, new 
projects, most 
supported pro
jects, expiration 
date, location 
project status 
(created, started, 
deleted, feed
back) 
first name, last name, gender, 
academic title, display name, 
company name, profile image, 
about me, link to social network 
or website (website, twitter, 
Facebook, MySpace), birthday, 
address (street, city, zip code, 
country) 
TopCoder project name, project de
scription, contest introduc
tion, contest description, 
round information, billing 
account, project type, 
project duration, 
task priority, start 
date, end date, 
checkpoint dura
tion 
project budget, 
contest prizes 
for each place, 
checkpoint 
prizes (for each 
review style 
(user selection) 
 payment, bonus, 
number of sub
missions 
project status 
(draft, active, on 
hold, cancelled, 
completed), 
accessibility, task 
name, company, address, coun
try, time zone, phone number, 
email, photo 
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Platform 
Task properties 
User properties 
(requester and participant) 
Task specification (F01) Task allocation (F02) Transaction 
transparency 
and quality 
control (F04) 
Task description 
Time and 
priority 
Reward Evaluation 
Requester
oriented 
Participant
Oriented 
project category, SVN 
address, bug tracker ad
dress, project rating (busi
ness impact, risk level, 
cost, difficulty), external 
resources (url, category, 
description, access re
striction), confidentiality 
agreement, visibility 
submission, up 
to number of 
submission) 
status (not start
ed, in progress, 
waiting on de
pendency, com
pleted), contest 
round type (single 
round, multiple 
rounds) 
unserAller project name, project title, 
question, description, 
image 
end date (contin
uously or termi
nated) 
bonus type 
(discount in 
percentage, 
coupon, lottery, 
buy one get one 
free), bonus 
criteria (top10, 
top20, top50, 
top100, all, 
winners), bonus 
detail, bonus 
code 
  interests, location  first name, last name, email, 
gender, address (street, zip 
code, city), company name, 
industry sector, short name, 
contact person, email, webpage, 
link to imprint, profile image, link 
to social network (Facebook) 
uTest project name, project de
scription, scope, out of 
scope 
start date, end 
date 
   product type, 
location, lan
guage, audience 
(consumer, busi
ness), industry 
 first name, last name, email, 
country, city, postal code, phone 
number, native language, birth 
year, gender, profile image, 
resume file, about me, testing 
expertise (usability, language, 
industry, hobby, hardware, 
software), link to social network 
(Twitter, Facebook, LinkedIn, 
Google+), users' availability 
(hours, dates), testing experi
ence (in years) 
ziptask project title, instructions start date end 
date, urgent 
(yes/no) 
budget range  required skills  status (open, 
closed, archived) 
email, username, first name, 
last name, profile image, mobile 
number, account name, account 
type (business, nonprofit, team, 
household, school, other) 
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APPENDIX B (CROWDSOURCING TAXONOMIES) 
Article Research method Dimension 
(characteristic) 
Component 
(function) 
Semantic entity 
Crowdsourcing sys
tems on the World
Wide Web 
(Doan et al., 2011) 
Based on an empirical 
analysis 
• Nature of collaboration (im
plicit, explicit) 
User man
agement 
(enable coor
dination) 
Interaction mode 
• Type of target problem 
(evaluate, share, network, 
build artifacts, execute tasks) 
Task man
agement 
(design task) 
Type of action 
• Design of incentive mecha
nism (by authority, pay users, 
ask for volunteers, make us
ers pay for service, piggy
back, instant gratification, 
gamification, reputation, 
competition, ownership situ
ations) 
Task man
agement 
(design task) 
Reward and incen
tive mechanism 
(nature of the re
ward) 
• Task complexity (simple, 
cognitively complex) 
Task man
agement 
(design task) 
Complexity level 
• Impact of contribution (low, 
high) 
Task man
agement 
Impact level 
• Approach to combine solu
tions (none, manual, auto
matic) 
Workflow 
management 
(define work
flow) 
Type of aggregation 
(with respect to 
automation) 
• Method to evaluate users 
(block, detect, punish) 
User man
agement 
(evaluate user) 
Evaluation mecha
nism 
• Degree and distribution of 
manual effort (manual: user 
or system owner, automatic) 
Workflow 
management 
(define and 
manage work
flow) 
Type of aggrega
tion, evaluation 
mechanism (source) 
• Role of human users (slaves, 
perspective providers, con
tent providers, component 
providers) 
Task man
agement 
(design task) 
User man
agement 
(form user 
group) 
Human requirement 
• Type of architecture 
(standalone, piggyback) 
Task man
agement 
(design task) 
Technical require
ment 
Crowdsourcing Infor
mation Systems – A 
Systems Theory Per
spective 
(Geiger, Rosemann, et 
al., 2011); 
Crowdsourcing Infor
mation Systems  
Definition, Typology, 
and Design (Geiger et 
al., 2012) 
Based on a system
theoretical approach 
• Treatment of external ele
ments (homogenous, heter
ogeneous) 
Task man
agement 
(design task) 
User man
agement 
(form user 
group) 
Human require
ments (demograph
ic characteristics, 
qualification type 
and level) 
• Value of the relationship with 
an external element (individ
ual, collective) 
Workflow 
management 
(define work
flow) 
Type of aggregation 
Some Thoughts on a 
Framework for 
Crowdsourcing 
(T. Erickson, 2011) 
Based on literature of 
computer supported 
cooperative work 
(CSCW) 
• Distribution over time (same 
time, different times) 
Task man
agement 
(design task) 
Time, latency 
• Distribution over space 
(same place, different places) 
Task man
agement 
(design task) 
Location 
A Survey of 
Crowdsourcing Sys
tems 
(Yuen et al., 2011) 
Based on a literature 
review 
• Application (vote, share, play, 
create) 
Task man
agement 
(design task) 
Type of action 
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Article Research method Dimension 
(characteristic) 
Component 
(function) 
Semantic entity 
A Preliminary Taxono
my of Crowdsourcing 
(Rouse, 2010) 
Based on a review of 
largely nonacademic 
publications 
• Nature of the crowdsourcing 
task / supplier capabilities 
(simple, sophisticated, mod
erate) 
Task man
agement 
(design task) 
Complexity level 
• Distribution of benefits 
(individualistic, community, 
mixed) 
Task man
agement 
(design task) 
Reward and incen
tive mechanism 
• Nature of the motivation to 
participate (selfmarketing, 
social status, instrumental, 
altruism, token compensa
tion, market compensation, 
personal achievement and 
learning) 
Task man
agement 
(design task) 
Reward and incen
tive mechanism 
Towards a characteriza
tion of crowdsourcing 
practices 
(Schenk & Guittard, 
2011) 
Based on different 
cases of crowdsourc
ing 
• Nature of the crowdsourcing 
process (integrative, selec
tive) 
Workflow 
management 
(define work
flow) 
Type of aggregation 
• Type of task (simple, com
plex, creative) 
Task man
agement 
(define task) 
Complexity level 
Outsourcing labor to 
the cloud 
(Corney et al., 2009) 
Based on current 
applications, platforms, 
and academic litera
ture 
• Nature of the task (creation, 
evaluation, organization) 
Task man
agement 
(design task) 
Type of action 
• Nature of the crowd (any 
individual, most people, or 
expert) 
Task man
agement 
(design task) 
User man
agement 
(form user 
group) 
Human requirement 
(qualification type 
and level) 
• Nature of the payment (vol
untary, rewarded at a flat 
rate, rewarded with a bonus 
or prize) 
Task man
agement 
(design task) 
Reward mechanism 
(nature of the re
ward) 
Managing the Crowd: 
Towards a Taxonomy 
of Crowdsourcing 
Processes 
(Geiger, Seedorf, et al., 
2011) 
Based on dimensions 
used in existing 
crowdsourcing litera
ture and insights 
gained by applying 
these dimensions on 
real application 
• Preselection (qualification
based, contextspecific, both, 
none) 
User man
agement 
(evaluate user) 
Evaluation mecha
nism, Target audi
ence, Human Re
quirements 
• Accessibility (modify, assess, 
view, none) 
Workflow 
management 
(define work
flow) 
Visibility, Accessibil
ity 
• Aggregation (integrative, 
selective) 
Workflow 
management 
(define work
flow) 
Type of aggregation 
• Remuneration (fixed, suc
cessbased, none) 
Task man
agement 
(design task) 
Reward and incen
tive mechanism 
(nature of the re
ward) 
Hanging with the right 
crowd: Matching 
crowdsourcing need to 
crowd characteristics 
(L. B. Erickson et al., 
2012a); 
Organizational uses of 
the crowd: developing 
a framework for the 
study of crowdsourcing 
(L. B. Erickson et al., 
2012b); 
Leveraging the crowd 
as a source of innova
tion: does crowdsourc
ing represent a new 
Based on a literature 
review and grounded 
theory 
• Organizational uses of the 
crowd (marketing/branding, 
productivity, product/service 
innovation, and knowledge 
capture) 
Task man
agement 
(design task) 
Category, goal 
• Common task (ideation, 
filtration, evaluation, design, 
development, complex prob
lem solving, tasks difficult for 
computers but easy for hu
mans, data collection, 
knowledge sharing) 
Task man
agement 
(design task) 
Type of action 
• Crowd knowledge (general, 
situational, product/service, 
specialized, domain exper
tise, problem solving) 
Task man
agement 
(design task) 
User man
Human requirement 
(qualification type 
and level) 
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Article Research method Dimension 
(characteristic) 
Component 
(function) 
Semantic entity 
model for product and 
service innovation? 
(L. B. Erickson, 2012) 
agement 
(form user 
group) 
• Value of the crowd (diversity, 
distributed knowledge, large 
numbers) 
Task man
agement 
(design task) 
User man
agement 
(form user 
group) 
Human requirement 
(diversity of qualifi
cations, number of 
contributors) 
• Preferred crowd location 
(internal, external) 
Task man
agement 
(design task) 
User man
agement 
(form user 
group) 
Target audience 
Human computation: a 
survey and taxonomy 
of a growing field 
(Quinn & Bederson, 
2011) 
Based on a review of 
human computation 
literature and exam
ples found in industry 
• Motivation (pay, altruism, 
enjoyment, reputation, im
plicit work) 
Task man
agement 
(design task) 
Reward and incen
tive mechanism 
(type of the reward) 
• Quality control (output 
agreement, input agreement, 
economic models, defensive 
task design, redundancy, sta
tistical filtering, multilevel re
view, automatic check, repu
tation system) 
Contribution 
management 
(evaluate 
contribution) 
Evaluation mecha
nism 
(evaluation method) 
• Aggregation (collection, 
wisdom of crowds, search, 
iterative improvement, ge
netic algorithm, node) 
Workflow 
management 
(define work
flow) 
Type of aggregation 
• Human skill (visual recogni
tion, language understand
ing, basic human communi
cation) 
Task man
agement 
(design task) 
User man
agement 
(form user 
group) 
Human requirement 
(qualification type 
and level) 
• Process order (computer
workerrequester, worker
requestercomputer, com
puterworkerrequester
computer, requesterworker) 
Workflow 
management 
(define work
flow) 
Sequence of work 
• Taskrequest cardinality (one
toone, manytomany, many
toone, fewtoone) 
Workflow 
management 
(define work
flow) 
Number of assign
ments 
The collective intelli
gence genome 
(Malone et al., 2010) 
Based on examples of 
webenabled collective 
intelligence 
• Goal (create, decide) Task man
agement 
(define task) 
Type of action 
• Staffing (hierarchy, crowd) Workflow 
management 
(define work
flow) 
Interaction mode 
• Incentives (money, love, 
glory) 
Task man
agement 
(design task) 
Reward and incen
tive mechanism 
(type of the reward) 
• Process (create: collection, 
contest, collaboration; group: 
decision: voting, averaging, 
consensus, prediction mar
ket; individual decisions: 
market, social network) 
Workflow 
management 
(define work
flow) 
Type of aggregation 
CoCreation: Toward a 
Taxonomy and an 
Integrated Research 
Perspective 
(Zwass, 2010) 
Based on a literature 
review 
• Performers (world, prequali
fied individuals, community 
members, skilled contribu
tors) 
Task man
agement 
(design task) 
User man
agement 
Target audience, 
Human require
ments (qualification 
type and level), 
evaluation mecha
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Article Research method Dimension 
(characteristic) 
Component 
(function) 
Semantic entity 
 (evaluate user, 
form user 
group) 
nism 
• Motivation (altruistic, mone
tary) 
Task man
agement 
(design task) 
Reward and incen
tive mechanism 
(type of the reward) 
• Structural task complexity 
(high, low) 
Task man
agement 
(design task) 
Complexity level 
• Intellective demands (high, 
low) 
Task man
agement 
(design task) 
Human requirement 
(qualification type 
and level) 
• Effort intensity (high, low) Task man
agement 
(design task) 
Estimated time of 
duration 
• Time frame (indefinite, tight) Task man
agement 
(design task) 
Submission and 
closure time, laten
cy 
• Aggregation (searchable 
corpus, hyperlinking, statisti
cal ratings and rankings, 
competition and voting, in
formation markets, bottom
up taxonomy, moderators) 
Workflow 
management 
(define work
flow) 
Type of aggregation 
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 APPENDIX C (DATA DICTIONARY) 
Name Description Type 
User the person or organization that is involved in a crowdsourcing activity concept 
Requester the initiator of a crowdsourcing project (any individual, company, or public organization) concept 
Participant the person that submits a contribution concept 
Project a carefully planned crowdsourcing activity that includes one or more tasks concept 
Task the smallest indivisible unit of work that is clearly described by a single instruction  concept 
Target Audience an initial general restriction of the size of the crowd (internal, external, both) concept 
Action Type the type of action that is required to solve a crowdsourcing task concept 
Aggregation Type the mechanism of how the contributions of the crowd are combined concept 
Latency Type the time when the solution of a crowdsourcing task can be expected (immediate, un
timed) 
concept 
External Resource all additional inputs that are required to accomplish a crowdsourcing task (e.g., applica
tions, documents, or datasets) 
concept 
Contribution all data records, content items, documents, or code fragments that are part of the solu
tion of a crowdsourcing task 
concept 
Requirement any human or technical aspect that is required to solve a crowdsourcing task concept 
Human Requirement any aspect that supports the composition of the crowd (demographic characteristics, 
qualification, etc.)  
concept 
Technical Requirement any aspect that specifies the required system of a crowd member concept 
Reward Mechanism the configuration of a certain type of a reward mechanism concept 
Reward Nature the definition of how a worker’s contribution is rewarded (fixed, performancebased, 
proportional, voluntary) 
concept 
Reward Type the specification of what kind of reward is offered (coupon, discount, good, lottery, mon
ey, no reward, resource access, virtual points) 
concept 
Payout Method the specification of which participants are rewarded (all, the winner only, or the top ten 
participants) 
concept 
Evaluation Mechanism the configuration that contains aspects of how a crowdsourcing user or contribution is 
evaluated 
concept 
Evaluation Time the point of time when the participants or the contributions are evaluated (after, before, 
simultaneously) 
concept 
Evaluation Source the agent that is engaged in the evaluation process (requester, participant, third party 
organization, algorithm) 
concept 
Evaluation Method the method that is used for the evaluation (majority decision, control group) concept 
Evaluation Specificity the specificity of the evaluation (an acceptance or rejection, a rating, an assessment form, 
or a free text response) 
concept 
Evaluation Subject the subject of the evaluation (contribution, participant) concept 
title a short phrase to describe the instance attribute 
description one or more sentences to describe the instance attribute 
goal the desired result of a crowdsourcing activity attribute 
category the class of a crowdsourcing activity (e.g., idea generation, problemsolving, or content 
creation) 
attribute 
instruction a direction that lead the crowd towards a common goal attribute 
submission time the time when the task is accessible for the crowd attribute 
closure time the time when the task expires attribute 
confidentiality level a value that limits the access to certain types of information attribute 
complexity level the amount of skills, experiences, and knowledge that is required to solve a crowdsourc
ing task 
attribute 
priority level the importance of a crowdsourcing task compared to other concurrent tasks attribute 
visibility mode a specification of whether the workers can or cannot see each other’s contributions attribute 
interaction mode the configuration that enables or disables peertopeer collaboration attribute 
estimated duration the estimated time required to complete a crowdsourcing task attribute 
number of assignments the number of participants who will be assigned to one crowdsourcing task attribute 
amount the number of points or the monetary value of the reward attribute 
currency the currency of the monetary reward attribute 
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Name Description Type 
gender the gender that a participant should have attribute 
minimum age (minAge) the minimum age that a participant should have attribute 
maximum age (maxAge) the maximum age that a participant should have attribute 
language the language that a participant should speak attribute 
country the country in which a participant should live attribute 
job title the job title that a participant should have attribute 
qualification type the academic degree, certificate, or skill that is required to solve a crowdsourcing task attribute 
qualification level the proficiency level that is required for a certain qualification attribute 
approval rate the ratio of properly solved tasks to the number of submitted tasks attribute 
number of approved 
tasks 
the number of properly solved tasks attribute 
hardware device any hardware device (e.g., personal computer, mobile phone, smartphone, tablet com
puter) 
attribute 
hardware feature any buildin feature of the hardware device (e.g., processor, memory, GPS, camera, ac
celerometer, gyrometer) 
attribute 
operating system any operating system for personal computers or mobile devices (e.g., Microsoft Win
dows, OS X, Linux, Android, Windows Phone, iOS) 
attribute 
software platform any operating system independent platform (e.g., Java, Firefox) attribute 
issues (requester, project) the project that a requester issues relation 
submits (participant, 
contribution) 
the contribution that a participant submits relation 
includes (project, task) the crowdsourcing tasks that are included in a project relation 
has next (task, task) the subsequent crowdsourcing task relation 
has previous (task, task) the preliminary crowdsourcing task relation 
owns (task, contribution) the contributions that belong to a crowdsourcing task relation 
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APPENDIX D (SEMANTIC VOCABULARIES) 
Functional 
Requirement 
Aspect Activity Streams CAM DOAP DC FOAF GR 
hCalendar/ 
hevent 
hCard/ 
hcard, vCard 
F01 Task specifi
cation 
F01.a Task description 
(goal, instruction, 
description, action 
type) 
activity (title, 
content), action 
type (mainly 
social web ac
tions), event 
(start time, end 
time), location 
action type 
(without 
predefined 
action 
types), 
event (time, 
duration) 
project 
(name) 
  project business func
tion (construc
tion, installation, 
dispose, lease 
out, maintain, 
provide service, 
sell, buy) 
event (start time, 
end time, duration, 
location) 
  
F01.b Incentive mechanism           price specifica
tion, payment 
method 
    
F01.c Evaluation mecha
nism 
                
F01.d Human requirement                
F01.e Technical require
ment 
    operating 
system, 
platform, 
programming 
languages 
          
F01.f Contribution and 
external resources 
display name, 
content, sum
mary, object type 
(article, audio, 
badge, bookmark, 
collection, com
ment, file, image, 
note, product, 
question, review, 
service, video) 
item (title, 
type), de
vice, applica
tion 
repository web re
source (title, 
description, 
format, 
type, 
source) 
document, 
image 
      
F02 Task alloca
tion 
F02.a User description person (display 
name) 
user infor
mation (user 
name, email, 
discipline) 
(reuse FOAF) creator person, (family 
name, given 
name, age, 
gender, and 
several other 
social web 
properties), 
organization 
business entity 
(name, descrip
tion, legal 
name, category, 
etc.), business 
entity type 
(business, end 
user, public 
institution, 
reseller) 
(reuse sche
  people (exten
sive set of prop
erties to de
scribe a user), 
company, organ
ization 
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Functional 
Requirement 
Aspect Activity Streams CAM DOAP DC FOAF GR 
hCalendar/ 
hevent 
hCard/ 
hcard, vCard 
ma.org) 
F02.b Suitability 
(interest, skills, expe
rience, knowledge) 
        interest, made, 
publications, 
current project 
    jobtitle 
F02.d Availability 
(time and place) 
location         location, open
ing hours speci
fication 
  address, geo
graphic location 
F03 Team build
ing 
F03.a Social network 
(friendship, work 
relationship, mem
bership) 
follow (person), 
join (group), leave 
(group), make
friend, remove
friend 
requestfriend  
  (reuse FOAF)   knows (per
son), member 
(of organiza
tion) 
(reuse sche
ma.org) 
  member (of 
organization) 
F03.b Online community or 
Activity streams 
activity (actor, 
verb, object, 
target) 
event (ac
tion, ses
sion, item, 
context) 
            
F04 Workflow 
and quality 
control 
F04a Access rights 
(permission, status) 
      access 
rights 
        
F04b Sequence description prerequisites 
(activity) 
              
 
Functional 
Requirement 
Aspect Open Social PROV schema.org SIOC WSBPEL XPDL XFN CSM 
F01 Task speci
fication 
F01.a Task description 
(goal, instruction, 
description, action 
type) 
activity (title, 
body, posted 
time, priority) 
activity 
(start time, 
end time, 
location) 
action (name, 
description, 
image, start time, 
end time, loca
tion, result, sev
eral specific 
action types), 
event (start date, 
end date, dura
tion),  
  process 
definition 
(name, priori
ty, descrip
tion, subject), 
user task 
process (process 
name, descrip
tion), human 
task (priority, 
duration, time 
estimation, valid 
from, valid to, 
waiting time, 
working time) 
  project (goal, category), 
task (action type, laten
cy type, instruction, 
submission time, clo
sure time, complexity 
level, priority level, 
visibility mode, interac
tion mode, estimated 
duration) 
F01.b Incentive mechanism               reward (amount, cur
rency, nature, type, 
payout method) 
F01.c Evaluation mecha
nism 
              evaluation mechanism 
(time, source, method, 
subject, specificity) 
F01.d Human requirement               human requirement 
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Functional 
Requirement 
Aspect Open Social PROV schema.org SIOC WSBPEL XPDL XFN CSM 
(gender, age min, age 
max, language, country, 
job title, qualification 
type, qualification level, 
approval rate, number 
of approved tasks) 
F01.e Technical require
ment 
    instrument         technical requirement 
(hardware device, 
hardware feature, 
operating system, 
software platform) 
F01.f Contribution and 
external resources 
messages, 
media items, 
additional 
objects may be 
defined 
entity creative work 
(article, book, 
code, comment, 
dataset, map, 
review, etc.), 
media objects 
(audio, data, 
image, music, 
video) 
        contribution, external 
resource 
 
(reuse of DC) 
F02 Task alloca
tion 
F02.a User description person (display 
name, alternate 
names, about 
me, name, 
native name, 
preferred 
name, pre
ferred 
username, and 
several social 
web proper
ties), organiza
tion (depart
ment, type, 
field, etc.) 
(reuse 
FOAF) 
person (name, 
additional name, 
gender, given 
name, family 
name, nationali
ty), organization 
(legal name, 
brand, makes 
offer, DUNS, 
GLN) 
user ac
count 
(imple
mented by 
using 
FOAF) 
user group 
(set of user 
accounts), 
role 
  participants 
(name, descrip
tion, type) 
  (reuse of FOAF, GR, 
and schema.org) 
F02.b Suitability 
(interest, skills, expe
rience, knowledge) 
    job title, honorific 
title, economic 
activity (isicV4, 
NAICS) 
        (reuse of FOAF, GR, 
and schema.org) 
F02.d Availability 
(time and place) 
address, loca
tion 
  address, location 
(home location, 
work location) 
        (reuse of FOAF, GR, 
and schema.org) 
F03 Team F03.a Social network member (of (reuse affiliation, same (reuse     diverse (reuse of FOAF, GR, 
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Functional 
Requirement 
Aspect Open Social PROV schema.org SIOC WSBPEL XPDL XFN CSM 
building (friendship, work 
relationship, mem
bership) 
organization, 
group) 
FOAF) as, alumni of, 
children, col
league, follows, 
knows, member 
of, parent, related 
to, sibling, 
spouse, works 
for 
FOAF) types of 
relationships 
(friendship, 
physical and 
geographical 
relations, 
professional 
contacts, 
family mem
bership) 
and schema.org) 
F03.b Online community or 
Activity streams 
activity (actor, 
generator, 
object, target, 
verb) 
provenance 
(agent, 
entity, 
activity) 
  forum 
(item, post, 
site, space, 
thread, 
container) 
       (reuse of SIOC) 
F04 Workflow 
and quality 
control 
F04a Access rights 
(permission, status) 
      permission, 
status 
  access level 
(private, public), 
Status (none, 
ready, active, 
cancelled, abort
ing, aborted, 
completing, 
completed), 
publication 
status (under 
revision, re
leased, under 
test) 
  target audience, confi
dentiality level 
F04b Sequence description         several ele
ments to 
describe the 
workflow 
sequence 
and logic 
(repeat until, 
for each, 
while, if, 
etc.); as
signment to 
people (only 
in parallel or 
in sequence) 
different gate
way types (xor, 
or, and, exclu
sive, inclusive, 
parallel, com
plex) 
  aggregation type, num
ber of assignments, 
includes (relation) has 
next (relation), has 
previous (relation) 
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APPENDIX E (CSM ONTOLOGY SOURCE CODE) 
<?xml version="1.0"?> 1 
 2 
 3 
<!DOCTYPE rdf:RDF [ 4 
    <!ENTITY dcterms "http://purl.org/dc/terms/" > 5 
    <!ENTITY foaf "http://xmlns.com/foaf/0.1/" > 6 
    <!ENTITY owl "http://www.w3.org/2002/07/owl#" > 7 
    <!ENTITY dc "http://purl.org/dc/elements/1.1/" > 8 
    <!ENTITY gr "http://purl.org/goodrelations/v1#" > 9 
    <!ENTITY xsd "http://www.w3.org/2001/XMLSchema#" > 10 
    <!ENTITY rdfs "http://www.w3.org/2000/01/rdf-schema#" > 11 
    <!ENTITY rdf "http://www.w3.org/1999/02/22-rdf-syntax-ns#" > 12 
]> 13 
 14 
 15 
<rdf:RDF xmlns="http://purl.org/csm/1.0#" 16 
     xml:base="http://purl.org/csm/1.0" 17 
     xmlns:dc="http://purl.org/dc/elements/1.1/" 18 
     xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" 19 
     xmlns:foaf="http://xmlns.com/foaf/0.1/" 20 
     xmlns:owl="http://www.w3.org/2002/07/owl#" 21 
     xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 22 
     xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 23 
     xmlns:gr="http://purl.org/goodrelations/v1#" 24 
     xmlns:dcterms="http://purl.org/dc/terms/"> 25 
    <owl:Ontology rdf:about="http://purl.org/csm/1.0"> 26 
        <dc:date rdf:datatype="&xsd;string">2013-09-22</dc:date> 27 
        <dc:title rdf:datatype="&xsd;string">CSM Ontology – An Enterprise 28 
Crowdsourcing Ontology</dc:title> 29 
        <dc:creator rdf:datatype="&xsd;string">Lars Hetmank</dc:creator> 30 
        <owl:versionInfo rdf:datatype="&xsd;string">Revision: 1.0</owl:versionInfo> 31 
        <dc:rights xml:lang="en">This work is distributed under a Creative Commons 32 
Attribution License (http://creativecommons.org/licenses/by/3.0/).</dc:rights> 33 
        <owl:imports rdf:resource="http://purl.org/goodrelations/v1"/> 34 
        <owl:imports rdf:resource="http://xmlns.com/foaf/0.1/"/> 35 
    </owl:Ontology> 36 
     37 
<!--/////////////////////////////////////////////////////////////////////////////// 38 
// 39 
// Object Properties 40 
// 41 
////////////////////////////////////////////////////////////////////////////////--> 42 
     43 
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    <!-- http://purl.org/csm/1.0#hasActionType --> 44 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasActionType"> 45 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#ActionType"/> 46 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 47 
    </owl:ObjectProperty> 48 
     49 
    <!-- http://purl.org/csm/1.0#hasAggregationType --> 50 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasAggregationType"> 51 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#AggregationType"/> 52 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 53 
    </owl:ObjectProperty> 54 
     55 
    <!-- http://purl.org/csm/1.0#hasEvaluationMechanism --> 56 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasEvaluationMechanism"> 57 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#EvaluationMechanism"/> 58 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 59 
    </owl:ObjectProperty> 60 
     61 
    <!-- http://purl.org/csm/1.0#hasEvaluationMethod --> 62 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasEvaluationMethod"> 63 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#EvaluationMechanism"/> 64 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#EvaluationMethod"/> 65 
    </owl:ObjectProperty> 66 
     67 
    <!-- http://purl.org/csm/1.0#hasEvaluationSource --> 68 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasEvaluationSource"> 69 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#EvaluationMechanism"/> 70 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#EvaluationSource"/> 71 
    </owl:ObjectProperty> 72 
     73 
    <!-- http://purl.org/csm/1.0#hasEvaluationSpecificity --> 74 
    <owl:ObjectProperty 75 
rdf:about="http://purl.org/csm/1.0#hasEvaluationSpecificity"> 76 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#EvaluationMechanism"/> 77 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#EvaluationSpecificity"/> 78 
    </owl:ObjectProperty> 79 
     80 
    <!-- http://purl.org/csm/1.0#hasEvaluationSubject --> 81 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasEvaluationSubject"> 82 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#EvaluationMechanism"/> 83 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#EvaluationSubject"/> 84 
    </owl:ObjectProperty> 85 
     86 
    <!-- http://purl.org/csm/1.0#hasEvaluationTime --> 87 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasEvaluationTime"> 88 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#EvaluationMechanism"/> 89 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#EvaluationTime"/> 90 
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    </owl:ObjectProperty> 91 
     92 
    <!-- http://purl.org/csm/1.0#hasExternalResource --> 93 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasExternalResource"> 94 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#ExternalResource"/> 95 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 96 
    </owl:ObjectProperty> 97 
     98 
    <!-- http://purl.org/csm/1.0#hasLatencyType --> 99 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasLatencyType"> 100 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#LatencyType"/> 101 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 102 
    </owl:ObjectProperty> 103 
     104 
    <!-- http://purl.org/csm/1.0#hasNext --> 105 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasNext"> 106 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 107 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#Task"/> 108 
    </owl:ObjectProperty> 109 
     110 
    <!-- http://purl.org/csm/1.0#hasPayoutMethod --> 111 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasPayoutMethod"> 112 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#PayoutMethod"/> 113 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#RewardMechanism"/> 114 
    </owl:ObjectProperty> 115 
     116 
    <!-- http://purl.org/csm/1.0#hasPrevious --> 117 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasPrevious"> 118 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 119 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#Task"/> 120 
        <owl:inverseOf rdf:resource="http://purl.org/csm/1.0#hasNext"/> 121 
    </owl:ObjectProperty> 122 
     123 
    <!-- http://purl.org/csm/1.0#hasRewardMechanism --> 124 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasRewardMechanism"> 125 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#RewardMechanism"/> 126 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 127 
    </owl:ObjectProperty> 128 
     129 
    <!-- http://purl.org/csm/1.0#hasRewardNature --> 130 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasRewardNature"> 131 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#RewardMechanism"/> 132 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#RewardNature"/> 133 
    </owl:ObjectProperty> 134 
     135 
    <!-- http://purl.org/csm/1.0#hasRewardType --> 136 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasRewardType"> 137 
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        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#RewardMechanism"/> 138 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#RewardType"/> 139 
    </owl:ObjectProperty> 140 
     141 
    <!-- http://purl.org/csm/1.0#hasTargetAudience --> 142 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasTargetAudience"> 143 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#TargetAudience"/> 144 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 145 
    </owl:ObjectProperty> 146 
     147 
    <!-- http://purl.org/csm/1.0#hasTask --> 148 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#hasTask"> 149 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Project"/> 150 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#Task"/> 151 
    </owl:ObjectProperty> 152 
     153 
    <!-- http://purl.org/csm/1.0#imposes --> 154 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#imposes"> 155 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#Requirement"/> 156 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 157 
    </owl:ObjectProperty> 158 
     159 
    <!-- http://purl.org/csm/1.0#issues --> 160 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#issues"> 161 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#Project"/> 162 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Requester"/> 163 
    </owl:ObjectProperty> 164 
     165 
    <!-- http://purl.org/csm/1.0#owns --> 166 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#owns"> 167 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#Contribution"/> 168 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 169 
    </owl:ObjectProperty> 170 
     171 
    <!-- http://purl.org/csm/1.0#submits --> 172 
    <owl:ObjectProperty rdf:about="http://purl.org/csm/1.0#submits"> 173 
        <rdfs:range rdf:resource="http://purl.org/csm/1.0#Contribution"/> 174 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Participant"/> 175 
    </owl:ObjectProperty> 176 
     177 
<!--/////////////////////////////////////////////////////////////////////////////// 178 
// 179 
// Data properties 180 
// 181 
////////////////////////////////////////////////////////////////////////////////--> 182 
     183 
    <!-- http://purl.org/csm/1.0#ageMax --> 184 
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    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#ageMax"> 185 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#HumanRequirement"/> 186 
        <rdfs:range rdf:resource="&xsd;unsignedByte"/> 187 
    </owl:DatatypeProperty> 188 
     189 
    <!-- http://purl.org/csm/1.0#ageMin --> 190 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#ageMin"> 191 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#HumanRequirement"/> 192 
        <rdfs:range rdf:resource="&xsd;unsignedByte"/> 193 
    </owl:DatatypeProperty> 194 
     195 
    <!-- http://purl.org/csm/1.0#amount --> 196 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#amount"> 197 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#RewardMechanism"/> 198 
        <rdfs:range rdf:resource="&xsd;float"/> 199 
    </owl:DatatypeProperty> 200 
     201 
    <!-- http://purl.org/csm/1.0#approvalRate --> 202 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#approvalRate"> 203 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#HumanRequirement"/> 204 
        <rdfs:range rdf:resource="&xsd;float"/> 205 
    </owl:DatatypeProperty> 206 
     207 
    <!-- http://purl.org/csm/1.0#category --> 208 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#category"> 209 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Project"/> 210 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 211 
    </owl:DatatypeProperty> 212 
     213 
    <!-- http://purl.org/csm/1.0#closureTime --> 214 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#closureTime"> 215 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Project"/> 216 
        <rdfs:range rdf:resource="&xsd;dateTime"/> 217 
    </owl:DatatypeProperty> 218 
     219 
    <!-- http://purl.org/csm/1.0#complexityLevel --> 220 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#complexityLevel"> 221 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 222 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 223 
    </owl:DatatypeProperty> 224 
     225 
    <!-- http://purl.org/csm/1.0#confidentialityLevel --> 226 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#confidentialityLevel"> 227 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 228 
    </owl:DatatypeProperty> 229 
     230 
    <!-- http://purl.org/csm/1.0#country --> 231 
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    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#country"> 232 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#HumanRequirement"/> 233 
        <rdfs:range rdf:resource="&xsd;string"/> 234 
    </owl:DatatypeProperty> 235 
     236 
    <!-- http://purl.org/csm/1.0#currency --> 237 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#currency"> 238 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#RewardMechanism"/> 239 
        <rdfs:range rdf:resource="&xsd;string"/> 240 
    </owl:DatatypeProperty> 241 
     242 
    <!-- http://purl.org/csm/1.0#description --> 243 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#description"> 244 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Contribution"/> 245 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#EvaluationMechanism"/> 246 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#ExternalResource"/> 247 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Project"/> 248 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Requirement"/> 249 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#RewardMechanism"/> 250 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 251 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 252 
    </owl:DatatypeProperty> 253 
     254 
    <!-- http://purl.org/csm/1.0#estimatedDuration --> 255 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#estimatedDuration"> 256 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 257 
        <rdfs:range rdf:resource="&xsd;int"/> 258 
    </owl:DatatypeProperty> 259 
     260 
    <!-- http://purl.org/csm/1.0#gender --> 261 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#gender"> 262 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#HumanRequirement"/> 263 
        <rdfs:range rdf:resource="&xsd;unsignedByte"/> 264 
    </owl:DatatypeProperty> 265 
     266 
    <!-- http://purl.org/csm/1.0#goal --> 267 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#goal"> 268 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Project"/> 269 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 270 
    </owl:DatatypeProperty> 271 
     272 
    <!-- http://purl.org/csm/1.0#hardwareDevice --> 273 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#hardwareDevice"> 274 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#TechnicalRequirement"/> 275 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 276 
    </owl:DatatypeProperty> 277 
     278 
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    <!-- http://purl.org/csm/1.0#hardwareFeature --> 279 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#hardwareFeature"> 280 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#TechnicalRequirement"/> 281 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 282 
    </owl:DatatypeProperty> 283 
     284 
    <!-- http://purl.org/csm/1.0#instruction --> 285 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#instruction"> 286 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 287 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 288 
    </owl:DatatypeProperty> 289 
     290 
    <!-- http://purl.org/csm/1.0#interactionMode --> 291 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#interactionMode"> 292 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 293 
        <rdfs:range rdf:resource="&xsd;boolean"/> 294 
    </owl:DatatypeProperty> 295 
     296 
    <!-- http://purl.org/csm/1.0#jobTitle --> 297 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#jobTitle"> 298 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#HumanRequirement"/> 299 
        <rdfs:range rdf:resource="&xsd;string"/> 300 
    </owl:DatatypeProperty> 301 
     302 
    <!-- http://purl.org/csm/1.0#language --> 303 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#language"> 304 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#HumanRequirement"/> 305 
        <rdfs:range rdf:resource="&xsd;language"/> 306 
    </owl:DatatypeProperty> 307 
     308 
    <!-- http://purl.org/csm/1.0#numberOfApprovedTask --> 309 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#numberOfApprovedTask"> 310 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#HumanRequirement"/> 311 
        <rdfs:range rdf:resource="&xsd;unsignedInt"/> 312 
    </owl:DatatypeProperty> 313 
     314 
    <!-- http://purl.org/csm/1.0#numberOfAssignments --> 315 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#numberOfAssignments"> 316 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 317 
        <rdfs:range rdf:resource="&xsd;unsignedInt"/> 318 
    </owl:DatatypeProperty> 319 
     320 
    <!-- http://purl.org/csm/1.0#operatingSystem --> 321 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#operatingSystem"> 322 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#TechnicalRequirement"/> 323 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 324 
    </owl:DatatypeProperty> 325 
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     326 
    <!-- http://purl.org/csm/1.0#priorityLevel --> 327 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#priorityLevel"> 328 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 329 
    </owl:DatatypeProperty> 330 
     331 
    <!-- http://purl.org/csm/1.0#qualificationLevel --> 332 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#qualificationLevel"> 333 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#HumanRequirement"/> 334 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 335 
    </owl:DatatypeProperty> 336 
     337 
    <!-- http://purl.org/csm/1.0#qualificationType --> 338 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#qualificationType"> 339 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#HumanRequirement"/> 340 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 341 
    </owl:DatatypeProperty> 342 
     343 
    <!-- http://purl.org/csm/1.0#softwarePlatform --> 344 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#softwarePlatform"> 345 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#TechnicalRequirement"/> 346 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 347 
    </owl:DatatypeProperty> 348 
     349 
    <!-- http://purl.org/csm/1.0#submissionTime --> 350 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#submissionTime"> 351 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Project"/> 352 
        <rdfs:range rdf:resource="&xsd;dateTime"/> 353 
    </owl:DatatypeProperty> 354 
     355 
    <!-- http://purl.org/csm/1.0#title --> 356 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#title"> 357 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Contribution"/> 358 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#EvaluationMechanism"/> 359 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#ExternalResource"/> 360 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Project"/> 361 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Requirement"/> 362 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#RewardMechanism"/> 363 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 364 
        <rdfs:range rdf:resource="&rdfs;Literal"/> 365 
    </owl:DatatypeProperty> 366 
     367 
    <!-- http://purl.org/csm/1.0#visibilityMode --> 368 
    <owl:DatatypeProperty rdf:about="http://purl.org/csm/1.0#visibilityMode"> 369 
        <rdfs:domain rdf:resource="http://purl.org/csm/1.0#Task"/> 370 
        <rdfs:range rdf:resource="&xsd;boolean"/> 371 
    </owl:DatatypeProperty> 372 
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     373 
<!--/////////////////////////////////////////////////////////////////////////////// 374 
// 375 
// Classes 376 
// 377 
////////////////////////////////////////////////////////////////////////////////--> 378 
     379 
    <!-- http://purl.org/csm/1.0#ActionType --> 380 
    <owl:Class rdf:about="http://purl.org/csm/1.0#ActionType"/> 381 
     382 
    <!-- http://purl.org/csm/1.0#AggregationType --> 383 
    <owl:Class rdf:about="http://purl.org/csm/1.0#AggregationType"/> 384 
     385 
    <!-- http://purl.org/csm/1.0#Contribution --> 386 
    <owl:Class rdf:about="http://purl.org/csm/1.0#Contribution"> 387 
        <rdfs:subClassOf rdf:resource="http://purl.org/csm/1.0#EvaluationSubject"/> 388 
    </owl:Class> 389 
     390 
    <!-- http://purl.org/csm/1.0#EvaluationMechanism --> 391 
    <owl:Class rdf:about="http://purl.org/csm/1.0#EvaluationMechanism"/> 392 
     393 
    <!-- http://purl.org/csm/1.0#EvaluationMethod --> 394 
    <owl:Class rdf:about="http://purl.org/csm/1.0#EvaluationMethod"/> 395 
     396 
    <!-- http://purl.org/csm/1.0#EvaluationSource --> 397 
    <owl:Class rdf:about="http://purl.org/csm/1.0#EvaluationSource"/> 398 
     399 
    <!-- http://purl.org/csm/1.0#EvaluationSpecificity --> 400 
    <owl:Class rdf:about="http://purl.org/csm/1.0#EvaluationSpecificity"/> 401 
     402 
    <!-- http://purl.org/csm/1.0#EvaluationSubject --> 403 
    <owl:Class rdf:about="http://purl.org/csm/1.0#EvaluationSubject"/> 404 
     405 
    <!-- http://purl.org/csm/1.0#EvaluationTime --> 406 
    <owl:Class rdf:about="http://purl.org/csm/1.0#EvaluationTime"/> 407 
     408 
    <!-- http://purl.org/csm/1.0#ExternalResource --> 409 
    <owl:Class rdf:about="http://purl.org/csm/1.0#ExternalResource"/> 410 
     411 
    <!-- http://purl.org/csm/1.0#HumanRequirement --> 412 
    <owl:Class rdf:about="http://purl.org/csm/1.0#HumanRequirement"> 413 
        <rdfs:subClassOf rdf:resource="http://purl.org/csm/1.0#Requirement"/> 414 
    </owl:Class> 415 
     416 
    <!-- http://purl.org/csm/1.0#LatencyType --> 417 
    <owl:Class rdf:about="http://purl.org/csm/1.0#LatencyType"/> 418 
     419 
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    <!-- http://purl.org/csm/1.0#Participant --> 420 
    <owl:Class rdf:about="http://purl.org/csm/1.0#Participant"> 421 
        <rdfs:subClassOf rdf:resource="http://purl.org/csm/1.0#EvaluationSubject"/> 422 
        <rdfs:subClassOf rdf:resource="http://purl.org/csm/1.0#User"/> 423 
    </owl:Class> 424 
     425 
    <!-- http://purl.org/csm/1.0#PayoutMethod --> 426 
    <owl:Class rdf:about="http://purl.org/csm/1.0#PayoutMethod"/> 427 
     428 
    <!-- http://purl.org/csm/1.0#Project --> 429 
    <owl:Class rdf:about="http://purl.org/csm/1.0#Project"/> 430 
     431 
    <!-- http://purl.org/csm/1.0#Requester --> 432 
    <owl:Class rdf:about="http://purl.org/csm/1.0#Requester"> 433 
        <rdfs:subClassOf rdf:resource="http://purl.org/csm/1.0#User"/> 434 
    </owl:Class> 435 
     436 
    <!-- http://purl.org/csm/1.0#Requirement --> 437 
    <owl:Class rdf:about="http://purl.org/csm/1.0#Requirement"/> 438 
     439 
    <!-- http://purl.org/csm/1.0#RewardMechanism --> 440 
    <owl:Class rdf:about="http://purl.org/csm/1.0#RewardMechanism"/> 441 
     442 
    <!-- http://purl.org/csm/1.0#RewardNature --> 443 
    <owl:Class rdf:about="http://purl.org/csm/1.0#RewardNature"/> 444 
     445 
    <!-- http://purl.org/csm/1.0#RewardType --> 446 
    <owl:Class rdf:about="http://purl.org/csm/1.0#RewardType"/> 447 
     448 
    <!-- http://purl.org/csm/1.0#TargetAudience --> 449 
    <owl:Class rdf:about="http://purl.org/csm/1.0#TargetAudience"/> 450 
     451 
    <!-- http://purl.org/csm/1.0#Task --> 452 
    <owl:Class rdf:about="http://purl.org/csm/1.0#Task"/> 453 
     454 
    <!-- http://purl.org/csm/1.0#TechnicalRequirement --> 455 
    <owl:Class rdf:about="http://purl.org/csm/1.0#TechnicalRequirement"> 456 
        <rdfs:subClassOf rdf:resource="http://purl.org/csm/1.0#Requirement"/> 457 
    </owl:Class> 458 
     459 
    <!-- http://purl.org/csm/1.0#User --> 460 
    <owl:Class rdf:about="http://purl.org/csm/1.0#User"> 461 
        <owl:equivalentClass rdf:resource="&gr;BusinessEntity"/> 462 
        <owl:equivalentClass rdf:resource="&foaf;Person"/> 463 
        <owl:equivalentClass> 464 
            <owl:Class> 465 
                <owl:unionOf rdf:parseType="Collection"> 466 
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                    <rdf:Description rdf:about="http://schema.org/Organization"/> 467 
                    <rdf:Description rdf:about="http://schema.org/Person"/> 468 
                </owl:unionOf> 469 
            </owl:Class> 470 
        </owl:equivalentClass> 471 
        <rdfs:subClassOf rdf:resource="http://purl.org/csm/1.0#EvaluationSource"/> 472 
    </owl:Class> 473 
     474 
    <!-- http://purl.org/goodrelations/v1#BusinessEntity --> 475 
    <rdf:Description rdf:about="&gr;BusinessEntity"/> 476 
     477 
    <!-- http://xmlns.com/foaf/0.1/Person --> 478 
    <rdf:Description rdf:about="&foaf;Person"/> 479 
     480 
<!--/////////////////////////////////////////////////////////////////////////////// 481 
// 482 
// Individuals 483 
// 484 
////////////////////////////////////////////////////////////////////////////////--> 485 
     486 
    <!-- http://purl.org/csm/1.0#AcceptReject --> 487 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#AcceptReject"> 488 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationSpecificity"/> 489 
    </owl:NamedIndividual> 490 
     491 
    <!-- http://purl.org/csm/1.0#After --> 492 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#After"> 493 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationTime"/> 494 
    </owl:NamedIndividual> 495 
     496 
    <!-- http://purl.org/csm/1.0#Algorithm --> 497 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Algorithm"> 498 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationSource"/> 499 
    </owl:NamedIndividual> 500 
     501 
    <!-- http://purl.org/csm/1.0#AllParticipants --> 502 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#AllParticipants"> 503 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#PayoutMethod"/> 504 
    </owl:NamedIndividual> 505 
     506 
    <!-- http://purl.org/csm/1.0#AssessmentForm --> 507 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#AssessmentForm"> 508 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationSpecificity"/> 509 
    </owl:NamedIndividual> 510 
     511 
    <!-- http://purl.org/csm/1.0#Before --> 512 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Before"> 513 
Technical Report  Appendix E (CSM Ontology Source Code) 
 
   xxvi
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationTime"/> 514 
    </owl:NamedIndividual> 515 
     516 
    <!-- http://purl.org/csm/1.0#Categorize --> 517 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Categorize"> 518 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 519 
    </owl:NamedIndividual> 520 
     521 
    <!-- http://purl.org/csm/1.0#Code --> 522 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Code"> 523 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 524 
    </owl:NamedIndividual> 525 
     526 
    <!-- http://purl.org/csm/1.0#ControlGroup --> 527 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#ControlGroup"> 528 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationMethod"/> 529 
    </owl:NamedIndividual> 530 
     531 
    <!-- http://purl.org/csm/1.0#Coupon --> 532 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Coupon"> 533 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardType"/> 534 
    </owl:NamedIndividual> 535 
     536 
    <!-- http://purl.org/csm/1.0#Create --> 537 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Create"> 538 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 539 
    </owl:NamedIndividual> 540 
     541 
    <!-- http://purl.org/csm/1.0#Design --> 542 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Design"> 543 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 544 
    </owl:NamedIndividual> 545 
     546 
    <!-- http://purl.org/csm/1.0#Discount --> 547 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Discount"> 548 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardType"/> 549 
    </owl:NamedIndividual> 550 
     551 
    <!-- http://purl.org/csm/1.0#Execute --> 552 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Execute"> 553 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 554 
    </owl:NamedIndividual> 555 
     556 
    <!-- http://purl.org/csm/1.0#External --> 557 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#External"> 558 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#TargetAudience"/> 559 
    </owl:NamedIndividual> 560 
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 561 
    <!-- http://purl.org/csm/1.0#Fixed --> 562 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Fixed"> 563 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardNature"/> 564 
    </owl:NamedIndividual> 565 
     566 
    <!-- http://purl.org/csm/1.0#FreeForm --> 567 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#FreeForm"> 568 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationSpecificity"/> 569 
    </owl:NamedIndividual> 570 
     571 
    <!-- http://purl.org/csm/1.0#GenerateIdea --> 572 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#GenerateIdea"> 573 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 574 
    </owl:NamedIndividual> 575 
     576 
    <!-- http://purl.org/csm/1.0#Good --> 577 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Good"> 578 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardType"/> 579 
    </owl:NamedIndividual> 580 
 581 
    <!-- http://purl.org/csm/1.0#Hybrid --> 582 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Hybrid"> 583 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#TargetAudience"/> 584 
    </owl:NamedIndividual> 585 
     586 
    <!-- http://purl.org/csm/1.0#Immediate --> 587 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Immediate"> 588 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#LatencyType"/> 589 
    </owl:NamedIndividual> 590 
     591 
    <!-- http://purl.org/csm/1.0#Integrative --> 592 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Integrative"> 593 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#AggregationType"/> 594 
    </owl:NamedIndividual> 595 
     596 
    <!-- http://purl.org/csm/1.0#Internal --> 597 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Internal"> 598 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#TargetAudience"/> 599 
    </owl:NamedIndividual> 600 
     601 
    <!-- http://purl.org/csm/1.0#Iterative --> 602 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Iterative"> 603 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#AggregationType"/> 604 
    </owl:NamedIndividual> 605 
     606 
    <!-- http://purl.org/csm/1.0#Label --> 607 
Technical Report  Appendix E (CSM Ontology Source Code) 
 
   xxviii
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Label"> 608 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 609 
    </owl:NamedIndividual> 610 
     611 
    <!-- http://purl.org/csm/1.0#Lottery --> 612 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Lottery"> 613 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardType"/> 614 
    </owl:NamedIndividual> 615 
     616 
    <!-- http://purl.org/csm/1.0#MajorityDecision --> 617 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#MajorityDecision"> 618 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationMethod"/> 619 
    </owl:NamedIndividual> 620 
     621 
    <!-- http://purl.org/csm/1.0#Money --> 622 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Money"> 623 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardType"/> 624 
    </owl:NamedIndividual> 625 
     626 
    <!-- http://purl.org/csm/1.0#NoReward --> 627 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#NoReward"> 628 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardType"/> 629 
    </owl:NamedIndividual> 630 
     631 
    <!-- http://purl.org/csm/1.0#PerformanceBased --> 632 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#PerformanceBased"> 633 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardNature"/> 634 
    </owl:NamedIndividual> 635 
     636 
    <!-- http://purl.org/csm/1.0#Play --> 637 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Play"> 638 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 639 
    </owl:NamedIndividual> 640 
     641 
    <!-- http://purl.org/csm/1.0#Proportional --> 642 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Proportional"> 643 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardNature"/> 644 
    </owl:NamedIndividual> 645 
     646 
    <!-- http://purl.org/csm/1.0#Rank --> 647 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Rank"> 648 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 649 
    </owl:NamedIndividual> 650 
     651 
    <!-- http://purl.org/csm/1.0#Rate --> 652 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Rate"> 653 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 654 
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    </owl:NamedIndividual> 655 
     656 
    <!-- http://purl.org/csm/1.0#Rating --> 657 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Rating"> 658 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationSpecificity"/> 659 
    </owl:NamedIndividual> 660 
     661 
    <!-- http://purl.org/csm/1.0#ResourceAccess --> 662 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#ResourceAccess"> 663 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardType"/> 664 
    </owl:NamedIndividual> 665 
     666 
    <!-- http://purl.org/csm/1.0#Selective --> 667 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Selective"> 668 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#AggregationType"/> 669 
    </owl:NamedIndividual> 670 
     671 
    <!-- http://purl.org/csm/1.0#Share --> 672 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Share"> 673 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 674 
    </owl:NamedIndividual> 675 
     676 
    <!-- http://purl.org/csm/1.0#Simultaneously --> 677 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Simultaneously"> 678 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationTime"/> 679 
    </owl:NamedIndividual> 680 
     681 
    <!-- http://purl.org/csm/1.0#SolveProblem --> 682 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#SolveProblem"> 683 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 684 
    </owl:NamedIndividual> 685 
     686 
    <!-- http://purl.org/csm/1.0#Test --> 687 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Test"> 688 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 689 
    </owl:NamedIndividual> 690 
     691 
    <!-- http://purl.org/csm/1.0#ThirdParty --> 692 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#ThirdParty"> 693 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#EvaluationSource"/> 694 
    </owl:NamedIndividual> 695 
     696 
    <!-- http://purl.org/csm/1.0#TopXParticipants --> 697 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#TopXParticipants"> 698 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#PayoutMethod"/> 699 
    </owl:NamedIndividual> 700 
     701 
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    <!-- http://purl.org/csm/1.0#Transcribe --> 702 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Transcribe"> 703 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 704 
    </owl:NamedIndividual> 705 
     706 
    <!-- http://purl.org/csm/1.0#Translate --> 707 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Translate"> 708 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 709 
    </owl:NamedIndividual> 710 
     711 
    <!-- http://purl.org/csm/1.0#Untimed --> 712 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Untimed"> 713 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#LatencyType"/> 714 
    </owl:NamedIndividual> 715 
     716 
    <!-- http://purl.org/csm/1.0#Verify --> 717 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Verify"> 718 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 719 
    </owl:NamedIndividual> 720 
     721 
    <!-- http://purl.org/csm/1.0#VirtualPoints --> 722 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#VirtualPoints"> 723 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardType"/> 724 
    </owl:NamedIndividual> 725 
     726 
    <!-- http://purl.org/csm/1.0#Voluntary --> 727 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Voluntary"> 728 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#RewardNature"/> 729 
    </owl:NamedIndividual> 730 
     731 
    <!-- http://purl.org/csm/1.0#WinnerParticipants --> 732 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#WinnerParticipants"> 733 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#PayoutMethod"/> 734 
    </owl:NamedIndividual> 735 
     736 
    <!-- http://purl.org/csm/1.0#Write --> 737 
    <owl:NamedIndividual rdf:about="http://purl.org/csm/1.0#Write"> 738 
        <rdf:type rdf:resource="http://purl.org/csm/1.0#ActionType"/> 739 
    </owl:NamedIndividual> 740 
</rdf:RDF> 741 
 742 
 743 
 744 
<!-- Generated by the OWL API (version 3.4.2) http://owlapi.sourceforge.net --> 745 
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APPENDIX F (SAMPLE DATA INSTANCE 1) 
<!DOCTYPE html> 1 
<html lang="en"> 2 
<head> 3 
  <meta charset="utf-8"> 4 
  <meta name="author" content="LH"> 5 
  <title>Example: Translate a technical specification</title> 6 
</head> 7 
 8 
<body prefix="csm: http://purl.org/csm/1.0# foaf: http://xmlns.com/foaf/0.1/"> 9 
  <div typeof="csm:Requester" about="http://example.org/#requester" > 10 
    <div rel="foaf:page" resource="http://www.example.org/#company"></div> 11 
    <div rel="csm:issues"> 12 
      <div typeof="csm:Project" about="http://example.org/#project"> 13 
        <div property="csm:title"> 14 
          Translation project 15 
        </div> 16 
        <div property="csm:category"> 17 
          Research and product development 18 
        </div> 19 
        <div rel="csm:includes"> 20 
           21 
          <!-- Task 01 --> 22 
          <div typeof="csm:Task" about="http://example.org/#task01"> 23 
            <div property="csm:title"> 24 
              Translate technical specification 25 
            </div> 26 
            <div property="csm:instruction"> 27 
              Translate the content module from French to German. 28 
            </div> 29 
            <div property="csm:submissionTime" content="2014-09-03T09:00:00Z" 30 
datatype="xsd:dateTime"> 31 
              The task will be available on 3rd of September, 2014 (at 9.00 am). 32 
            </div> 33 
            <div property="csm:closureTime" content="2014-09-17T16:00:00Z" 34 
datatype="xsd:dateTime"> 35 
              The task will be closed on 17th of September, 2014 (at 4.00 pm). 36 
            </div> 37 
            <div property="csm:estimatedDuration" content="30" datatype="xsd:int"> 38 
              Estimated time of duration: 30 min. 39 
            </div> 40 
            <div property="csm:numberOfAssignments" content="1" datatype="xsd:int"> 41 
              Number of participants that will be assigned to the task: 1. 42 
            </div> 43 
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            <div rel="csm:hasTargetAudience" 44 
resource="http://purl.org/csm/1.0#Hybrid"></div> 45 
            <div rel="csm:hasActionType" 46 
resource="http://purl.org/csm/1.0#Translate"></div> 47 
            <div rel="csm:imposes"> 48 
              <div typeof="csm:HumanRequirement" 49 
about="http://example.org/#language_fr_de"> 50 
                <div property="csm:language" content="fr" 51 
datatype="xsd:language"></div> 52 
                <div property="csm:language" content="de" 53 
datatype="xsd:language"></div> 54 
              </div> 55 
            </div> 56 
            <div rel="csm:hasRewardMechanism"> 57 
              <div typeof="csm:RewardMechanism" 58 
about="http://example.org/#reward01"> 59 
                <div property="csm:amount" content="80" datatype="xsd:float"></div> 60 
                <div property="csm:currency" content="EUR" 61 
datatype="xsd:string"></div> 62 
                <div rel="csm:hasRewardNature" 63 
resource="http://purl.org/csm/1.0#Fixed"></div> 64 
                <div rel="csm:hasRewardType" 65 
resource="http://purl.org/csm/1.0#Money"></div> 66 
                <div rel="csm:hasPayoutMethod" 67 
resource="http://purl.org/csm/1.0#AllParticipants"></div> 68 
              </div> 69 
            </div> 70 
          </div> 71 
 72 
          <!-- Task 02 --> 73 
          <div typeof="csm:Task" about="http://example.org/#task02"> 74 
            <div property="csm:title"> 75 
              Translate memo 76 
            </div> 77 
            <div property="csm:instruction"> 78 
              Translate the memo from German into Polish. 79 
            </div> 80 
            <div property="csm:submissionTime" content="2014-09-03T09:00:00Z" 81 
datatype="xsd:dateTime"> 82 
              The task will be available on 3rd of September, 2014 (at 9.00 am). 83 
            </div> 84 
            <div property="csm:closureTime" content="2014-09-17T16:00:00Z" 85 
datatype="xsd:dateTime"> 86 
              The task will be closed on 17th of September, 2014 (at 4.00 pm). 87 
            </div> 88 
            <div property="csm:estimatedDuration" content="30" datatype="xsd:int"> 89 
              Estimated time of duration: 15 min. 90 
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            </div> 91 
            <div property="csm:numberOfAssignments" content="1" datatype="xsd:int"> 92 
              Number of participants that will be assigned to the task: 1. 93 
            </div> 94 
            <div rel="csm:hasTargetAudience" 95 
resource="http://purl.org/csm/1.0#Internal"></div> 96 
            <div rel="csm:hasActionType" 97 
resource="http://purl.org/csm/1.0#Translate"></div> 98 
            <div rel="csm:imposes"> 99 
              <div typeof="csm:HumanRequirement" 100 
about="http://example.org/#language_de_pl"> 101 
                <div property="csm:language" content="de" 102 
datatype="xsd:language"></div> 103 
                <div property="csm:language" content="pl" 104 
datatype="xsd:language"></div> 105 
              </div> 106 
            </div> 107 
            <div rel="csm:hasRewardMechanism"> 108 
              <div typeof="csm:RewardMechanism" 109 
about="http://example.org/#reward02"> 110 
                <div property="csm:amount" content="5" datatype="xsd:float"></div> 111 
                <div rel="csm:hasRewardNature" 112 
resource="http://purl.org/csm/1.0#Fixed"></div> 113 
                <div rel="csm:hasRewardType" 114 
resource="http://purl.org/csm/1.0#VirtualPoints"></div> 115 
                <div rel="csm:hasPayoutMethod" 116 
resource="http://purl.org/csm/1.0#AllParticipants"></div> 117 
              </div> 118 
            </div> 119 
          </div> 120 
 121 
        </div> 122 
      </div> 123 
    </div> 124 
  </div> 125 
</body> 126 
</html>127 
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APPENDIX G (SAMPLE DATA INSTANCE 2) 
<!DOCTYPE html> 1 
<html lang="en"> 2 
<head> 3 
  <meta charset="utf-8"> 4 
  <meta name="author" content="LH"> 5 
  <title>Example: Develop and test a software application</title> 6 
</head> 7 
 8 
<body prefix="csm: http://purl.org/csm/1.0# foaf: http://xmlns.com/foaf/0.1/"> 9 
  <div typeof="csm:Requester" about="http://example.org/#requester" > 10 
    <div rel="csm:issues"> 11 
      <div typeof="csm:Project" about="http://example.org/#project"> 12 
        <div property="csm:title"> 13 
          CSM Annotator 14 
        </div> 15 
        <div property="csm:category"> 16 
          Software development 17 
        </div> 18 
        <div rel="csm:includes"> 19 
           20 
          <!-- Task 01 --> 21 
          <div typeof="csm:Task" about="http://example.org/#task01"> 22 
            <div property="csm:title"> 23 
              Create graphical user interface 24 
            </div> 25 
            <div property="csm:instruction"> 26 
              Code graphical user interface 27 
            </div> 28 
            <div rel="csm:hasActionType" 29 
resource="http://purl.org/csm/1.0#Code"></div> 30 
            <div property="csm:numberOfAssignments" content="1" datatype="xsd:int"> 31 
              Number of participants that will be assigned to the task: 1. 32 
            </div> 33 
            <div rel="csm:imposes"> 34 
              <div typeof="csm:HumanRequirement" about="http://example.org/#html5"> 35 
                <div property="csm:qualificationType">HTML5</div> 36 
                <div property="csm:qualificationLevel">Expert</div> 37 
                <div property="csm:jobTitle" content="151130" 38 
datatype="xsd:string"> 39 
                  Software Developers and Programmers 40 
                </div> 41 
              </div> 42 
            </div> 43 
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            <div rel="csm:hasEvaluationMechanism"> 1 
              <div typeof="csm:EvaluationMechanism" 2 
about="http://example.org/#evaluation01"> 3 
                <div rel="csm:hasEvaluationSubject" 4 
resource="http://purl.org/csm/1.0#Participant"></div> 5 
                <div rel="csm:hasEvaluationTime" 6 
resource="http://purl.org/csm/1.0#After"></div> 7 
                <div rel="csm:hasEvaluationSource" 8 
resource="http://purl.org/csm/1.0#Participant"></div> 9 
              </div> 10 
            </div> 11 
            <div rel="csm:owns" 12 
resource="http://example.org/#contribution01"></div> 13 
            <div rel="csm:hasNext" resource="http://example.org/#task02"></div> 14 
          </div> 15 
 16 
          <!-- Task 02 --> 17 
          <div typeof="csm:Task" about="http://example.org/#task02"> 18 
            <div property="csm:title"> 19 
              Establish database connection 20 
            </div> 21 
            <div property="csm:instruction"> 22 
              Code database access 23 
            </div> 24 
            <div rel="csm:hasActionType" 25 
resource="http://purl.org/csm/1.0#Code"></div> 26 
            <div property="csm:numberOfAssignments" content="1" datatype="xsd:int"> 27 
              Number of participants that will be assigned to the task: 1. 28 
            </div> 29 
            <div rel="csm:imposes"> 30 
              <div typeof="csm:HumanRequirement" about="http://example.org/#php"> 31 
                <div property="csm:qualificationType">PHP</div> 32 
                <div property="csm:qualificationLevel">Expert</div> 33 
                <div property="csm:jobTitle"content="151141" datatype="xsd:string"> 34 
                  Specialist, Database Management System 35 
                </div>                 36 
              </div> 37 
            </div> 38 
            <div rel="csm:hasEvaluationMechanism"> 39 
              <div typeof="csm:EvaluationMechanism" 40 
about="http://example.org/#evaluation02"> 41 
                <div rel="csm:hasEvaluationSubject" 42 
resource="http://purl.org/csm/1.0#Participant"></div> 43 
                <div rel="csm:hasEvaluationTime" 44 
resource="http://purl.org/csm/1.0#Before"></div> 45 
                <div rel="csm:hasEvaluationSource" 46 
resource="http://purl.org/csm/1.0#Requester"></div> 47 
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              </div> 1 
            </div> 2 
            <div rel="csm:hasNext" resource="http://example.org/#task03"></div> 3 
            <div rel="csm:hasNext" resource="http://example.org/#task04  "></div> 4 
          </div> 5 
 6 
          <!-- Task 03 --> 7 
          <div typeof="csm:Task" about="http://example.org/#task03"> 8 
            <div property="csm:title"> 9 
              Usability and functionality test 10 
            </div> 11 
            <div property="csm:instruction"> 12 
              Test web application on your Android mobile device 13 
            </div> 14 
            <div rel="csm:hasActionType" 15 
resource="http://purl.org/csm/1.0#Test"></div> 16 
            <div property="csm:numberOfAssignments" content="5" datatype="xsd:int"> 17 
              Number of participants that will be assigned to the task: 5. 18 
            </div> 19 
            <div rel="csm:imposes"> 20 
              <div typeof="csm:TechnicalRequirement" 21 
about="http://example.org/#android"><div 22 
property="csm:operatingSystem">Android</div> 23 
              </div> 24 
            </div> 25 
            <div rel="csm:owns" 26 
resource="http://example.org/#contribution02"></div> 27 
            <div rel="csm:owns" 28 
resource="http://example.org/#contribution03"></div> 29 
 30 
          </div> 31 
 32 
          <!-- Task 04 --> 33 
          <div typeof="csm:Task" about="http://example.org/#task04"> 34 
             <div property="csm:title"> 35 
              Usability and functionality test 36 
            </div>            37 
            <div property="csm:instruction"> 38 
              Test web application on your iOS mobile device. 39 
            </div> 40 
            <div rel="csm:hasActionType" 41 
resource="http://purl.org/csm/1.0#Test"></div> 42 
            <div property="csm:numberOfAssignments" content="5" datatype="xsd:int"> 43 
              Number of participants that will be assigned to the task: 5. 44 
            </div> 45 
            <div rel="csm:imposes"> 46 
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              <div typeof="csm:TechnicalRequirement" 1 
about="http://example.org/#iOS"> 2 
                <div property="csm:operatingSystem">iOS</div> 3 
              </div> 4 
            </div>             5 
          </div> 6 
 7 
        </div> 8 
      </div> 9 
    </div> 10 
  </div> 11 
 12 
  <!-- Participant 01 --> 13 
  <div typeof="csm:Participant" about="http://example.org/#participant01" > 14 
    <div rel="csm:submits"> 15 
      <div typeof="csm:Contribution" 16 
about="http://example.org/#contribution01"></div> 17 
    </div> 18 
  </div> 19 
 20 
  <!-- Participant 02 --> 21 
  <div typeof="csm:Participant" about="http://example.org/#participant02" > 22 
    <div rel="csm:submits"> 23 
      <div typeof="csm:Contribution" 24 
about="http://example.org/#contribution02"></div> 25 
    </div> 26 
  </div> 27 
 28 
  <!-- Participant 03 --> 29 
  <div typeof="csm:Participant" about="http://example.org/#participant03" > 30 
    <div rel="csm:submits"> 31 
      <div typeof="csm:Contribution" 32 
about="http://example.org/#contribution03"></div> 33 
    </div> 34 
  </div> 35 
 36 
</body> 37 
</html> 38 
